Direct Mannich Reaction with Malonates and Simple Imines by Bifunctional
Cinchona Alkaloid Catalysts: Enantioselective Synthesis of f-Amino Acids

Jun Song, Yi Wang and Li Deng*

Department of Chemistry
Brandeis University
Waltham, Massachusetts 02454-9110

* To whom correspondence should be addressed

General Information: 'H and C NMR spectra were recorded on a Varian
instrument (400 MHz and 100 MHz, respectively) and internally referenced to
tetramethylsilane signal or residual protio solvent signals. Data for '"H NMR are reported
as follows: chemical shift (5, ppm), multiplicity (s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet), coupling constant (Hz) and integration. Data for °C NMR are
reported in terms of chemical shift (0, ppm). Infrared spectra were recorded on a Perkin
Elmer FT-IR Spectrometer and are reported in frequency of absorption (cm™). Low
resolution mass spectra for all the new compounds were performed by 70SE CI+, and
exact mass spectra were recorded on a 70-VSE-B high resolution mass spectrometer.
Specific rotations were measured on a Jasco Digital Polarimeter.

High performance liquid chromatography (HPLC) analysis was performed on a Hewlett-
Packard 1100 Series instrument equipped with a quaternary pump, using a Daicel
Chiralcel OJ, OD Column (250 x 4.6 mm) or Chiralpak AD, AS Column (250 x 4.6 mm)
or Regis Pirckle covalent (R, R) Whelk-O 1 Column (250 x 4.6 mm). UV absorption was
monitored at 220 nm.

Materials:

Catalysts Q-1a, Q-1b, Q-1d and QD-1d were prepared according to literature
procedures.’ Catalysts 2 and Q-1¢ were prepared according to literature procedures.”

Aryl N-Boc-Imines 4A-4L were prepared according to literature procedures.’

Malonates Sa, Sb and B-ketoester 8a were purchased from Aldirch Inc. Malonate
Sc¢ was purchased from Pfaltz & Bauer, Inc.; B-ketoesters 8b and 8¢ were prepared
according to literature procedures.*

ACS grade Acetone was used without further purification. Methylene chloride
was freshly distilled from calcium hydride under nitrogen atmosphere.

All the commercial reagents were used as received.

! Vakulya, B.; Varga, S.; Csampai, A.; Soos, T. Org Lett. 2005, 7, 1967

2 Li, B.; Jiang, L.; Liu, M.; Chen, Y.; Ding, L.; Wu, Y. Synlett 2005, 4, 603
3 Wenzel, A. G.; Jacobsen, E. N. J. Am. Chem. Soc. 2002, 124, 12964

* Dezile, R.; Endo, M. US Patent (1989), NO. 4831043
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1. Preparation of Catalyst 3

a) PhNTf,, NEts, CH,Cly; b) Pd(OAC),, BINAP, Cs,CO3, THF, PhyC=NH; ¢) NH,OH HCI, THF,
d) 3,5-(CF3),PhNCS, THF

The synthesis of 3 was accomplished by using the procedure described by Corey and
Zhang.® The starting material B-ICD was prepared according to reported procedure.’

To a solution of B-ICD (1.24 g, 4.0 mmol) and N-phenyl-
bis(trifluoromethanesulfonimide) (1.71g, 4.8 mmol) in anhydrous
methylene chloride (40 mL), was added triethylamine (1.01g, 10
mmol) at room temperature. After stirred at room temperature for
15 h, the reaction mixture was transferred to a separation funnel,
washed with saturated sodium carbonate aqueous solution (50 mL)
and brine (50 mL). The organic layer was collected, dried over
. anhydrous sodium sulfate and concentrated under reduced pressure.

iAICD-1 Silica gel flash chromatography of the residue (3% MeOH and 1%
NH;'H>O in EtOAc) gave crude B-ICD-1 as yellow sticky oil (1.25 g). The crude product
was used directly for the next step without further purification.

The crude B-ICD-1 (1.25 g), palladium acetate (128 mg, 0.57 mmol),
BINAP (175 mg, 0.275 mmol), cesium carbonate (1.38 g, 4.23 mmol),
and benzophenone imine (1.03 g, 5.7 mmol) were suspended in THF
(35 mL). The reaction mixture was refluxed with stirring for 24 h.
Then the reaction mixture was cooled to room temperature, diluted
with EtOAc (20 mL), washed with 5% sodium carbonate aqueous
solution (30 mL) and brine (30 mL). The organic layer was collected,
dried over anhydrous sodium sulfate and concentrated under reduced

AICD-2

> Corey, E. I.; Zhang, J. Org. Lett. 2001, 3, 3211
% Iwabuchi, Y.; Nakatani, M.; Yokoyama, N.; Hatakeyama, S. J. Am. Chem. Soc. 1999, 121, 10219
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pressure to yield crude imine that was hydrolyzed without further purification. To the
solution of the residue (1.05 g) in methanol (25 mL), was added NH,OH-HCI (306 mg,
4.4 mmol) and NaOAc (541 mg, 6.6 mmol). The reaction mixture was stirred for 3 h at
room temperature. Then the reaction mixture was concentrated and extracted with
saturated Na,CO; (aq.) and CH,Cl, (v : v = 1:1, 20 mL, 8 times). All extractions were
combined. Organic layers were collected, washed with brine (60 mL), dried over
anhydrous sodium sulfate and concentrated. Pure B-ICD-2 was obtained as a red foam by
flash chromatography (silica gel: EtOAc: MeOH : NH; H,O =90 : 6 : 1) (524 mg, 1.7
mmol, 43% yield from B-ICD). [a]p?® =141.2 (c = 0.72, CHCL;); "H NMR (400 MHz,
CDCls) & 1.03 (t, J = 8.0 Hz, 3H), 1.26 (q, J = 6.0 Hz, 1H), 1.46-1.84 (m, 4H), 2.14-2.16
(m, 1H), 2.70 (d, J = 13.6 Hz, 1H), 3.02-3.06 (m, 2H), 3.36 (brs, 1H), 3.50-3.62 (m, 2H),
4.12 (s, 2H), 5.88 (s, 1H), 7.06-7.14 (m, 2H) 7.62 (d, J = 4.4 Hz, 1H), 7.90 (d, J = 8.4 Hz,
1H), 8.66 (d, J = 4.4 Hz, 1H); *C NMR (100 MHz, CDCl3) & 7.31, 23.39, 24.03, 27.34,
32.76, 46.62, 54.63, 56.29, 73.00, 77.07, 102.34, 119.04, 120.83, 126.77, 131.45, 141.44,
142.87, 144.97, 146.38; IR (neat) v 3325, 2962, 1621, 1514; HRMS: calc’d for (M+H)"
Ci19H24N30¢: 310.1919; found 310.1916.

To a solution of B-ICD-2 (260 mg, 0.85 mmol) in THF
(10 mL) was added 3,5-bis-trifluoromethylphenyl
isothiocyanate (255 mg, 0.94 mmol) and the reaction
mixture was stirred for 16 h at room temperature. The
reaction mixture was concentrated and the crude product
was purified by flash chromatograph (silica gel: EtOAc :
MeOH : NH3-H,O = 100 : 2 : 1). This yielded 3 as white
foam (410 mg, 0.71 mmol, 84% yield). [a]p> =75.7 (¢ =
0.63, CHCl;); "H NMR (400 MHz, CD;0D) & 1.04 (t, J = 7.2 Hz, 3H), 1.32-1.42 (m, 1H),
1.50-1.62 (m, 1H), 1.62-1.82 (m, 4H), 2.12-2.18 (m, 1H), 2.80-2.86 (m, 1H), 3.00-3.10
(m, 2H), 3.30 (brs, 1H), 3.45-3.60 (m, 2H), 4.91 (s, 2H), 5.94 (s, 1H), 7.69 (s, 1H), 7.80-
7.84 (m, 1H), 7.90-8.08 (m, 3H), 8.25 (s, 1H), 8.83 (d, J = 4.4 Hz, 1H); *C NMR (100
MHz, CD;0OD) & 6.39, 23.86, 23.33, 27.11, 32.96, 46.10, 53.82, 56.75, 72.82, 77.41,
117.21, 119.63, 122.18, 123.55, 124.88, 125.84, 127.98, 129.36, 131.48 (q, J = 34 Hz),
137.78, 141.92, 145.35, 149.36, 181.53; IR (neat) v 2918, 1614, 1277, 1120, 1174;
HRMS: calc’d for (M+H)" CogH»7N4OSFs: 581.1810; found 581.1812.

FsC
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2. Catalyst Screening

NN
H T “Ar
Me N S MeO
—
N

1a Ar = 4-t-Bu-Ph-; 1b Ar = 2-i-Pr-Ph-;
1c Ar = Ph-; 1d Ar = 3,5-bisCF3Ph-
Figure 1. C6' or C9 thiourea cinchona alkaloid derivatives.

QD-1 2 3

2,3: Ar = 3,5-bisCF3Ph-

Boc.
catalyst 1-3 NH
/@%H + CH,(COOMe), /@A\(COOMG
solvent, 16 h
COOMe
6Da

entry  cat. temp (°C) solvent conv./%° ee/%°
1 Q-la RT CH,Cl, >08 57
2 Q-1b RT CH,Cl, >98 43
3 Q-1c RT CH,Cl, >08 62
4 Q-1d RT CH,Cl, >98 77
5 QD-1d RT CH,Cl, >08 74
6 2 RT CH,Cl, >98 65
7 3 RT CH,Cl, >08 72
8 Q-1d RT CH5CN >08 83
9 Q-1d RT Acetone >08 77
10  Q-1d -20 CH,Cl, >98 80
11 Q-1d -20 CH5CN >08 74
12 Q-1d -20 Acetone >08 85
13¢  Q-1d -60 Acetone >98 93
149 Quinidine -60 Acetone >08 25
154 3 -60 Acetone  >98 0

& Unless noted, reactions were run with 0.05 mmol of 4D, 0.15 mmol of
5a in 0.10 mL of solvent with 10 mol% catalyst at room temperature for
16 h. ® Determined by IH NMR analysis. ¢ Determined by HPLC

analysis. d Reaction was run with catalyst (20 mol%) at -60 °C for 24 h.
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3. General procedure for the preparation of N-Boc imine 4M, 4N, 40

-

NHBoc Cs,C0Og3, CH,Cl, I‘\IBoc

R SO,Ph room temperature R

4AM-40

To a round bottom flask (50 mL) was added cesium carbonate (1.64 g, 10.0
mmol). The solids were placed under vacuum and flame-dried. Once cool, anhydrous
methylene chloride (10 mL) was added under a positive stream of nitrogen, followed by
the addition of N-(tert-butoxycarbonyl)—a-(phenylsulfonyl)alkylamine (1.0 mmol)’. The
reaction mixture was stirred at room temperature for 4 to 10 h. Then reaction mixture was
cooled to 0°C by ice-water bath, diluted with hexanes (10 mL, pre-cooled with ice-water
bath). The organic layer was washed with water (10 mL, twice, precooled with ice-water
bath), brine (10 mL) and dried over anhydrous sodium sulfate. Solvent was removed by
rotavap under reduced pressure (water bath temperature was kept below 15°C) to give
pure N-Boc imine. The N-Boc imine was used for Mannich reaction immediately.

_Boc (4M) Reaction was performed in 1.0-mmol scale using the general

\)\\ procedure. After 4 h, 4M was isolated as a colorless liquid (124 mg, 79%).

H 'H NMR (400 MHz, CDCls) & 1.16 (t, J = 7.2 Hz, 3H), 1.53 (s, 9H), 2.43

(brs, 2H), 8.32 (brs, 1H); °C NMR (100 MHz, CDCls) & 8.67, 27.73, 29.42, 81.96,
161.98, 175.75; IR (neat) v 2928, 1721, 1667, 1160;

Boc (4N) Reaction was performed in 2.0-mmol scale using the general

N‘ procedure. After 7 h, 4N was isolated as a colorless liquid (327 mg,

MH 89%). '"H NMR (400 MHz, CDCl3) & 0.93 (t, J = 7.6 Hz, 3H), 1.39 (q, J

=17.2 Hz, 2H), 1.53 (s, 9H), 1.60 (m, 2H), 2.40 (brs, 2H), 8.31 (brs, 1H);

3C NMR (100 MHz, CDCl3) & 13.62, 22.15, 26.72, 27.67, 35.78, 81.80, 161.98, 175.48;
IR (neat) v 2962, 2928, 1723, 1666, 1456, 1364, 1253, 1160;

~Boc (40) Reaction was performed in 5.0-mmol scale using the general

\ procedure. After 10 h, 40 was obtained as a colorless oil (1.01 g, 96%).
O)\ H  The spectrum data was identical to the reported value’.

7 After the submission of this paper, a similar procedure to make 40 was reported online. Trost, B. M.;
Jaratjaroonphong, J.; Reutrakul, V. J. Am. Chem. Soc. 2006, 128, 2778
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4. General Procedure for Enantionselective Mannich Reaction of Malonate 5

to Aryl Imine 4:
B
N'BOC QD-1d (Q-1d) (20mol %)  HN'=°°
RAH # CHyCOOR), .~ R)*\(COOR
’ COOR'
4 5 5a:R'=Me; b: R'=Bn; c: R'=Allyl 6

To a solution of imine 4 (0.20 mmol) and chiral catalyst (20 mol%) in acetone (0.40 mL)
at —60 °C, was added malonate 5 (0.30 mmol) in one portion. The resulting mixture was
kept at —60 °C for 36 h. The reaction mixture was diluted with ethyl ether (5 ml) and
allowed to pass through a short silica gel column. Then the filtrate was concentrated and
purified by silica gel flash chromatography using the solvent specified below.

HN/Boc (+)-6Aa This product was obtained as a white solid (61 mg) in 90%
yield after flash chromatography (silica gel: Ethyl ether / Hexane =

dYCOOMe 1/5) and in 97% ee as determined by HPLC [Daicel Chiralpak AD,
COOMe Hexane / IPA =90 / 10, 1.0 ml‘min'l, A = 220 nm, t, (major) =

16.15 min, t, (minor) = 21.51 min] from a reaction catalyzed by

6Aa QD-1d (20 mol%) at —60 °C for 36 h. [a]p> = 16.8 (c = 0.90,
CHCl3); "H NMR (400 MHz, CDCls) & 1.42 (s, 9H), 3.63 (s, 3H), 3.73 (s, 3H), 3.94 (s,
1H), 5.49 (brs, 1H), 6.17 (brs, 1H), 7.20-7.40 (m, 5H); *C NMR (100 MHz, CDCl5) &
28.14, 52.41, 52.74, 53.27, 56.55, 79.62, 126.08, 127.53, 128.49, 139.27, 154.98, 167.44,

168.27; IR (neat) v 3387, 1719, 1497, 1246, 1164 ; HRMS: calc’d for (M+Na)"
C17H23NOgNa: 360.1423; found 360.1420.

(-)-6Aa This product was obtained as a white solid in 91% yield and 93% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

_Boc (+)-6Ab This product was obtained as a colorless oil (98 mg) in
HN

99% vyield after flash chromatography (silica gel: Ethyl acetate /

COOBN Hexane = 1/15) and in 96% ee as determined by HPLC [Regis

©)\Cr008n Pirckle Covalent (R, R) Whelk-O 1, Hexane / IPA =99 / 1, 1.0

ml-min”', L =220 nm, t, (major) = 14.89 min, t, (minor) = 12.49 min]

6AD from a reaction catalyzed by QD-1d (20 mol%) at —60 °C for 36 h.

[a]p®® = 14.0 (c = 0.98, CHCl3); "H NMR (400 MHz, CDCl;) & 1.41 (s, 9H), 4.01 (s, 1H),

5.04 (s, 2H), 5.13 (dd, J = 8.0 Hz, 12.0 Hz, 2H), 5.56 (brs, 1H), 6.20 (brs, 1H), 7.06-7.12

(m, 2H), 7.20-7.36 (m, 13H); *C NMR (100 MHz, CDCl3) & 28.22, 53.41, 56.81, 67.21,

67.61, 79.65, 126.15, 127.55, 127.98, 128.21, 128.25, 128.35, 128.43, 128.52, 128.53,

134,78, 134.90, 139.21, 154.98, 166.78, 167.76; IR (neat) v 3423, 1720, 1497, 1254,
1162 ; HRMS: calc’d for (MJrH)+ Co9oH3,NOg: 490.2230; found 490.2227.

(-)-6Ab This product was obtained as a colorless oil in 99% yield and 94% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.
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HN/BOC (+)-6Ac This product was obtained as a colorless oil (71 mg) in

91% yield after flash chromatography (silica get: Ethyl acetate /

COOAIllYl Hexane = 1 / 6) and in 98% ee as determined by HPLC [Daicel

cooallyl  Chiralpak AS, Hexane / IPA=98/2, 1.0 ml-min”', A = 220 nm, t,

(major) = 12.63 min, t; (minor) = 11.00 min] from a reaction

6AC catalyzed by QD-1d (20 mol%) at —60 °C for 36 h. [a]p>* = 12.3

(c=1.22, CHCl;); "H NMR (400 MHz, CDCl3) & 1.41 (s, 9H), 3.98 (s, 1H), 4.42-4.72(m,

4H), 5.08-5.18 (m, 2H), 5.20-5.38 (m, 2H), 5.53 (brs, 1H), 5.66-5.80 (m, 1H), 5.82-

5.94(m, 1H), 6.20 (brs, 1H), 7.20-7.40 (m, 5H); *C NMR (100 MHz, CDCl;) & 28.23,

53.36, 56.82, 66.07, 66.45, 79.64, 116.68, 118.95, 126.20, 127.58, 128.55, 131,05, 131.21,

139.33, 154.96, 166.68, 167.59; IR (neat) v 3431, 1722, 1497, 1250, 1166; HRMS:
calc’d for (MJrNa)Jr C,1H,7NOgNa: 412.1736; found 412.1727.

(-)-6Ac This product was obtained as a colorless oil in 86% yield and 92% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

Boc (+)-6Bb This product was obtained as a colorless oil (99 mg) in
97% yield after flash chromatography (silica gel: Ethyl acetate /
COOBN Hexane = 1 / 15) and in 99% ee as determined by HPLC [Daicel
COOBnN chiralpak AS, Hexane / IPA =95/5, 1.0 ml-min”', & = 220nm, t,
(major) = 11.70 min, t; (minor) = 7.50 min] from a reaction
catalyzed by QD-1d at —60 °C for 36 h. [a]p®® = 0.20 (¢ = 2.00,
CHCl;); "H NMR (400 MHz, CDCl3) & 1.38 (s, 9H), 2.40 (s, 3H), 3.86 (s, 1H), 5.00-5.22
(m, 4H), 5.72 (brs, 1H), 6.23 (brs, 1H), 7.06-7.20 (m, 6H), 7.20-7.40 (m, 8H); *C NMR
(100 MHz, CDCIl3) & 19.02, 28.22, 50.41, 55.41, 67.27, 67.51, 79.61, 125.48, 126.23,
127.60, 128.03, 128.29, 128.46, 128.52, 130.73, 134.79, 135.02, 137.58, 154.83, 166.76,
167.75; IR (neat) v 3422, 1718, 1498, 1164; HRMS: calc’d for (M+H)" C3H34NOg:
504.2386; found 504.2382.

HN"

6Bb

(-)-6Bb This product was obtained as a colorless oil in 96% yield and 95% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

N BOC (+)- 6Cb This product was obtained as a colorless oil (103 mg) in

COOBN 99% yield after flash f:hromatography (sili‘ca gel: Ethyl aceta.te /

Hexane = 1 / 12) and in 98% ee as determined by HPLC [Daicel

mosn Chiralcel OD, Hexane / IPA =90 : 10, 0.5 ml-min'l, A= 220 nm,
t. (major) = 16.61 min, t, (minor) = 14.19 min] from a reaction

6Cb catalyzed by QD-1d at —60 °C for 36 h. [a]p> = 15.4 (c = 2.00,
CHCl); "H NMR (400 MHz, CDCls) & 1.41 (s, 9H), 2.23 (s, 3H), 4.01 (s, 1H), 5.06 (s,
2H), 5.14 (dd, J = 8.0 Hz, 12.0 Hz, 2H), 5.53 (brs, 1H), 6.18 (brs, 1H), 7.02-7.12 (m, 5H),
7.13-7.20 (m, 2H), 7.23-7.36 (m, 7H); *C NMR (100 MHz, CDCl3) & 21.40, 28.23,

53.41, 56.85, 67.16, 67.57,79.59, 123.12, 126.92, 127.92, 128.20, 128.23, 128.33, 128.42,
128.51, 134,84, 134.94, 138.15, 139.15, 148.81, 149.96, 154.99, 166.83, 167.77; IR (neat)
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v 3431, 1718, 1497, 1165; HRMS: calc’d for (M+H)" C30H34NOg: 504.2386; found
504.2383.

(-)-6Cb This product was obtained as a colorless oil in 99% yield and 97% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

HN/BOC (+)-6Db This product was obtained as a colorless oil (92 mg) in

92% yield after flash chromatography (silica gel: Ethyl acetate /

COOBN Hexane = 1 / 12) and in 97% ee as determined by HPLC [Regis

/©)\Cr008n Pirckle Covalent (R, R) Whelk-O 1, Hexane / IPA =99/ 1, 0.5

ml-min”', A = 220nm, t, (major) = 15.74 min, t, (minor) = 18.03

6Db min] from a reaction catalyzed by QD-1d at —60 °C for 36 h.

[a]p> = 14.0 (c = 0.98, CHCL;); "H NMR (400 MHz, CDCl5) & 1.40 (s, 9H), 2.31 (s, 3H),

3.98 (s, 1H), 5.05 (s, 2H), 5.14 (dd, J = 8.0, 12.0 Hz, 2H), 5.51 (brs, 1H), 6.13 (brs, 1H),

7.02-7.17 (m, 7H), 7.22-7.36 (m, 7H), *C NMR (100 MHz, CDCls) & 21.02, 28.26,

53.24,56.93, 67.20, 67.59, 79.61, 126.06, 128.02, 128.25, 128.35, 128.42, 128.53, 129.24,

134,87, 134.97, 136.23, 137.17, 154.99, 166.86, 167.81; IR (neat) v 3430, 2977, 1719,
1498, 1161; HRMS: calc’d for (MJrH)+ C30H34NOg: 504.2386; found 504.2379.

(-)-6Db This product was obtained as a colorless oil in 96% yield and 92% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

' Boc (+)-6Eb This product was obtained as a white solid (102 mg)

HN in 99% yield after flash chromatography (silica gel: Ethyl

COOBn acetate / Hexane = 1 / 12) and in 98% ee as determined by

COOBN HPLC [Daicel Chiralcel OD, Hexane / IPA = 90 : 10, 1.0

F ml-min”', A = 220 nm, t, (major) = 10.97 min, t, (minor) = 8.09
6Eb min] from a reaction catalyzed by QD-1d at —60 °C for 36 h.

[a]p?® =20.3 (c = 1.15, CHCLs); "H NMR (400 MHz, CDCl3) & 1.40 (s, 9H), 3.96 (s, 1H),
5.00-5.20 (m, 4H), 5.51 (brs, 1H), 6.18 (brs, 1H), 6.88-6.96 (m, 2H), 7.06-7.14 (m, 2H),
7.24-7.36 (m, 10H); ®C NMR (100 MHz, CDCls) & 28.18, 52.87, 56.80, 67.29, 67.64,
79.80, 115.36 (d, J = 10.6 Hz), 127.87, 127.96, 128.04, 128.22, 128.34, 128.40, 128.44,
128.52, 134.70, 134.75 (d, J = 5.3 Hz), 154.87, 162.01 (d, J = 122.2Hz), 166.55, 167.62;

IR (neat) v 3428, 1720, 1226, 1159 ; HRMS: calc’d for (MJrH)+ Cy9H31NFOg: 508.2135;
found 508.2120.

(-)-6Eb This product was obtained as a white solid in 98% yield and 94% ee from a
reaction catalyzed by Q-1d (20mol%) at —60 °C for 36 h.

Boc (+)-6Fb This product was obtained as a white solid (103 mg)
HN~ in 98% yield after flash chromatography (silica gel: Ethyl

CcooBn acetate / Hexane = 1/15) and in 99% ee as determined by

Q)\f HPLC [Daicel Chiralcel OD, Hexane / IPA = 90 / 10, 1.0
Cl CooBn ml-min”', A = 220 nm, t, (major) = 11.34 min, t, (minor) =
6Fb 8.08 min] from a reaction catalyzed by QD-1d at —60 °C for
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36 h. [a]p> =21.0 (c = 0.715, CHCls); '"H NMR (400 MHz, CDCl5) & 1.40 (s, 9H), 3.95
(s, 1H), 5.05 (dd, J = 6.4, 12.0 Hz, 2H), 5.14 (dd, J = 6.0, 12.4 Hz, 2H), 5.50 (brs, 1H),
6.18 (brs, 1H), 7.05-7.12 (m, 2H), 7.15-7.24 (m, 2H), 7.24-7.35 (m, 8H); *C NMR (100
MHz, CDCl;) & 28.22, 52.95, 56.64, 67.37, 67.74, 79.92, 127.64, 128.08, 128.27, 128.40,
128.46, 128.49, 128.57, 128.69, 133.40, 134.68, 134.79, 137.78, 154.90, 166.54, 167.61;
IR (neat) v 3369, 1721, 1493, 1367, 1251, 1161; HRMS: calc’d for (M+H)"
CaoH3NCI1Og: 524.1840; found 524.1832.

(-)-6Fb This product was obtained as a white solid in 97% yield and 91% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

Boc (+)-6Gb This product was obtained as a white solid (91 mg)

HN in 81% yield after flash chromatography (silica gel: Ethyl

COOBN acetate / Hexane = 1 / 12) and in 97% ee as determined by

COOBH HPLC [Daicel Chiralcel OD, Hexane / IPA = 90 / 10, 1.0

F3C ml-min”, A = 220 nm, t, (major) = 11.13 min, t, (minor) =
6Gb 8.13 min] from a reaction catalyzed by QD-1d at —60 °C for

36 h. [a]p> = 24.5 (c = 1.05, CHCl;); "H NMR (400 MHz, CDCl3) & 1.41 (s, 9H), 3.99
(s, 1H), 5.05 (dd, J = 7.2, 12 Hz, 2H), 5.16 (dd, J = 7.2, 11.6 Hz, 2H), 5.57 (brs, 1H),
6.27 (brs, 1H), 7.09 (d, J = 6.0 Hz, 2H), 7.23-7.40 (m, 10H), 7.50(d, J = 7.2 Hz, 2H); *C
NMR (100 MHz, CDCls) 6 28.21, 53.18, 56.42, 67.49, 67.86, 80.07, 125.51, 125.55,
126.65, 128.14, 128.31, 128.49, 128.52, 128.60, 129.80 (q, J = 32 Hz), 134.59, 134.74,

139.91, 143.30, 154.93, 166.45, 167.57; IR (neat) v 3383, 1754, 1736, 1687, 1517, 1327,
1296, 1162, 1124; HRMS: calc’d for (M+H)+ C;30H3NF304: 558.2103; found 558.2096.

(-)-6Gb This product was obtained as a white solid in 82% yield and 93% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

(+)- 6Hb This product was obtained as a colorless oil (96 mg) in

HNBOC 99% vyield after flash chromatography (silica gel: Ethyl acetate /

- cooBn Hexane =1/ 12) and in 97% ee as determined by HPLC [Daicel
\ o cooen Chir'alpak AD, Heane / IPA'= 90/10,1.0 ml-.min'l, A=220 nm, t;
(major) = 16.36 min, t, (minor) = 20.40 min] from a reaction

6Hb catalyzed by QD-1d at —60 °C for 36 h. [a]p> = 5.9 (¢ = 0.68,

CHCl»); '"H NMR (400 MHz, CDCls) 6 1.41 (s, 9H), 4.18 (s, 1H), 5.04-5.20 (m, 4H),
5.60 (brs, 1H), 5.96 (d, J = 8.8 Hz, 1H), 6.16-6.18 (m, 1H), 6.22-6.26 (m, 1H), 7.19-7.24
(m, 3H), 7.26-7.38(m, 8H); BC NMR (100 MHz, CDCl3) 6 28.19, 48.30, 54.24, 67.33,
67.63, 79.87, 106.77, 110.40, 128.13, 128.21, 128.30, 128.34, 128.46, 128.50, 134.88,
141.94, 152.00, 154.91, 166.53, 167.55; IR (neat) v 3421, 1732, 1498, 1163; HRMS:
calc’d for (MJrH)+ Co7H30NO7: 480.2022; found 480.2019.

(-)-6Hb This product was obtained as a colorless oil in 99% yield and 96% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.
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Boc (+)-6Ib This product was obtained as a colorless oil (94 mg) in

HN 95% vyield after flash chromatography (silica gel: Ethyl acetate /
®)\KCOOBn Hexane = 1 / 20) and in 97% ee as determined by HPLC [Daicel
\ S COOBnN Chir.alcel OD, Hexape / IPA = 98/2,1.0 ml-min'l, A =220 nm, t;

(major) = 35.13 min, t, (minor) = 31.08 min] from a reaction
6lb catalyzed by QD-1d at —60 °C for 36 h. [a]p> = 4.1 (c = 2.07,

CHCl3); '"H NMR (400 MHz, CDCls) & 1.42 (s, 9H), 4.08 (d, J = 4.0 Hz, 1H), 5.11 (s,
2H), 5.14 (dd, J = 6.8, 12 Hz, 2H), 5.76 (d, J = 4.4 Hz, 1H), 6.16 (d, J = 4.8 Hz, 1H),
6.80-6.88 (m, 2H), 7.18-7.22 (m, 3H), 7.25-7.40 (m, 8H); *C NMR (100 MHz, CDCl;)
§ 28.51, 50.29, 57.03, 67.74, 68.05, 80.21, 124.71, 125.01, 127.16, 128.43, 128.56,
128.64, 128.70, 128.78, 128.84, 135.08, 135.12, 143.69, 155.14, 166.73, 167.92; IR (neat)
v 3424, 1719, 1496, 1163; HRMS: calc’d for (M+H)" CpH30NOgS: 496.1794; found
496.1785.

(-)-6Ib This product was obtained as a colorless oil in 96% yield and 88% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

(+)-6Jb This product was obtained as a white solid (102 mg)
HN-BOC in 98% yield after flash chromatography (silica gel: Ethyl

coopn acetate / Hexane = 1 / 6) and in 97% ee as determined by
HPLC [Daicel Chiralcel OD, Hexane / IPA = 90 / 10, 1.0
MeO COOBn ml-min”', A = 220 nm, t, (major) = 13.37 min, t, (minor) =

10.33 min] from a reaction catalyzed by QD-1d at —60 °C for
36 h. [a]p® = 12.1 (c = 1.02, CHCL;); "H NMR (400 MHz,
CDCls) 6 1.40 (s, 9H), 3.77 (s, 3H), 3.96 (s, 1H), 5.06 (dd, J = 2.8, 12.0 Hz, 2H), 5.13 (dd,
J=15.6,12.6 Hz, 2H), 5.48 (brs, 1H), 6.11 (brs, 1H), 6.78 (d, J = 8.8 Hz, 2H), 7.08-7.14
(m, 2H), 7.17 (d, J= 8.8 Hz, 2H), 7.24-7.36 (m, 8H); *C NMR (100 MHz, CDCl;) &
28.25, 53.00, 55.17, 57.03, 67.21, 67.58, 79.63, 113.89, 127.38, 128.03, 128.24, 128.28,
128.36, 128.44, 128.53, 131.30, 134.87, 134.96, 154.96, 158.89, 166.81, 167.82; IR (neat)
v 3426, 1720, 1513, 1498, 1249, 1161; HRMS: calc’d for (M+H)" C3H3,NO7: 520.2335;
found 520.2338.

6Jb

(-)-6Jb This product was obtained as a white soild in 97% yield and 93% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

_Boc (+)-6Kb This product was obtained as a white solid (106 mg)

HN in 99% vyield after flash chromatography (silica gel: Ethyl

0 COOBNn jcetate / Hexane = 1 / 7) and in 98% ee as determined by

{ toosn  HPLC [Daicel Chiralcel OD, Hexane / IPA = 90 / 10, 1.0
O

ml-min”', A = 220 nm, ¢ (major) = 12.59 min, t;, (minor) =
6Kb 10.79 min] from a reaction catalyzed by QD-1d at —60 °C for
36 h. [a]p® = 13.9 (c = 1.00, CHCl;); "H NMR (400 MHz,
CDCls) 6 1.40 (s, 9H), 3.94 (s, 1H), 5.02-5.22 (m, 4H), 5.44 (brs, 1H), 5.89 (s, 2H), 6.14
(brs, 1H), 6.62-6.72 (m, 4H), 6.75 (s, 1H), 7.10-7.16 (m, 2H), 7.22-7.36 (m, 7H); *C
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NMR (100 MHz, CDCl;) & 28.26, 53.22, 56.95, 67.20, 67.55, 79.66, 101.00, 106.83,
108.14, 119.48, 127.99, 128.17, 128.25, 128.32, 128.39, 128.48, 133.17, 134.78, 134.86,
146.88, 147.74, 154.85, 166.62, 167.69; IR (neat) v 3423, 1720, 1490, 1240, 1164;
HRMS: calc’d for (M+Na)" C3oH3NOgNa: 556.1947; found 556.1927.

(-)-6Kb This product was obtained as a white soild in 99% yield and 94% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

_Boc (+)-6Lc This product was obtained as a colorless oil (80 mg) in

HN 96% yield after flash chromatography (silica gel: Ethyl acetate /

COOAIllyl Hexane = 1/ 7) and in 96% ee as determined by HPLC [Daicel

COOAllyl Chiralpak AS, Hexane / IPA =98/2, 1.0 ml-min”', A = 220 nm,

t; (major) = 13.54 min, t; (minor) = 11.52 min] from a reaction

6Lc catalyzed by QD-1d at —60 °C for 36 h. [a]p>> = 10.1 (c = 0.85,

CHCLs); '"H NMR (400 MHz, CDCls) & 1.40 (s, 9H), 3.96 (s, 1H), 4.44-4.72 (m, 4H),

5.10-5.36 (m, 4H), 5.51 (brs, 1H), 5.66-5.80 (m, 2H), 5.82-5.94 (m, 1H), 6.20 (brs, 1H),

6.68 (dd, J = 6.8, 11.2 Hz, 1H), 7.19 (d, J = 6.8 Hz, 1H), 7.24-7.34 (m, 4H); °C NMR

(100 MHz, CDCls) & 28.25, 53.36, 56.79, 66.14, 66.49, 79.72, 114.29, 118.80, 119.00,

124.27, 125.41, 125.66, 128.76, 131.05, 131.21, 136.52, 137.84, 139.67, 154.97, 166.66,

167.61; IR (neat) v 3430, 1721, 1497, 1165; HRMS: calc’d for (MJrH)+ Cy3H29NOgNa:
438.1893; found 438.1885.

(-)-6Lc This product was obtained as a white soild in 99% yield and 95% ee from a
reaction catalyzed by Q-1d (20 mol%) at —60 °C for 36 h.

5. General Procedure for Enantionselective Mannich Reaction of Malonate 5
to Alkyl Imine 4

N Boc QD-1d (100 mol %) Hn-Boe
RXH + CHyCOOBN), = R)*\(cooan
’ COOBn
4 5b 6

To a solution of malonate Sb (0.10 mmol) and QD-1d (100 mol%) in dichloromethane
(0.30 mL) at 0 °C, was added imine 4 (0.15 mmol) in one portion. The resulting mixture
was kept at 0 °C for 16-24 h. Reaction mixture was purified by silica gel flash
chromatography using the solvent specified below.

NHBoc (+)-6Mb This product was obtained as a colorless oil (27 mg) in 63%

CcooBn yield after flash chromatography (silica gel: Ethyl ether / methlene
chloride = 1 / 150) and in 89% ee as determined by HPLC [Daicel
Chiralcel OD, Hexane / IPA =98 /2, 1.0 ml-min'l, A =220 nm, t;
(major) = 18.70 min, t, (minor) = 16.15 min] from a reaction catalyzed by QD-1d (100
mol%) at 0 °C for 20 h. Catalyst QD-1d (57 mg, 95%) was recycled. [a]p> = 29.2 (C =
1.01, CHCl3); "H NMR (400 MHz, CDCl3) & 0.89 (t, J = 7.2 Hz, 1H), 1.39 (s, 9H), 1.44-

COO0OBN
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1.58 (m, 2H), 3.70 (d, J = 4.0 Hz, 1H), 4.15-4.22 (m, 1H), 5.04-5.16 (m, 4H), 5.33 (d, J =
9.6 Hz, 1H), 7.24-7.34 (m, 10H); BC NMR (100 MHz, CDCls) 6 10.80, 26.64, 28.29,
51.81, 54.78, 67.21, 67.45, 79.25, 128.22, 128.29, 128.34, 128.54, 128.57, 135.07, 155.45,
167.70, 168.11; IR (neat) v 3434, 2963, 1733, 1711, 1500, 1162; HRMS: calc’d for
(M+Na)" CpsH3;NOgNa: 464.2049; found 464.2049.

NHBoc (+)-6Nb This product was obtained as a colorless oil (30 mg) in

coopn 04% vyield after flash chromatography (silica gel: Hexanes /

methlene chloride = 1 /2) and in 92% ee as determined by HPLC

COOBNn  [Dajcel Chiralcel OD, Hexane / IPA =98 / 2, 1.0 ml-min”, A =

220 nm, t, (major) = 16.23 min, t, (minor) = 14.31 min] from a reaction with catalyzed by

QD-1d (100 mol%) at 0 °C for 24 h. Catalyst QD-1d (59 mg, 98%). [alp> = 42.5 (C =

1.00, CHCl3); "H NMR (400 MHz, CDCls) & 0.84 (t, J = 6.8 Hz, 3H), 1.20-1.38 (m, 4H),

1.41 (s, 9H), 1.45-1.58 (m, 2H), 3.71 (d, J = 3.6 Hz, 1H), 4.22-4.30 (m, 1H), 5.06-5.20

(m, 4H), 5.33 (d, J = 9.6 Hz, 1H), 7.33 (s, 10H); *C NMR (100 MHz, CDCl;) & 13.91,

22.30, 28.30, 28.42, 33.20, 50.39, 55.05, 67.20, 67.43, 79.26, 128.29, 128.35, 128.44,

128.55, 128.57, 135.15, 155.36, 167.71, 168.12; IR (neat) v 3424, 1733, 1716, 1496,
1162; HRMS: calc’d for (M+Na)Jr C,7H35sNOgNa: 492.2362; found 492.2359.

NHBoC (+)-60b This product was obtained as a colorless oil (55 mg) in
coopn 3% yield after flash chromatography (silica gel: Ethyl acetate /
methlene chloride = 1 /300) and in 88% ee as determined by HPLC
COOBNn  [Daicel Chiralcel OD, Hexane / IPA =97 / 3, 1.0 ml-min”, A = 220
nm, t. (major) = 10.28 min, t; (minor) = 8.25 min] from a reaction with 40 (0.30 mmol)
and Sb (0.20 mmol) in dichloromethane (600 pl) catalyzed by QD-1d (100 mol%) at 0 °C
for 16 h. Catalyst QD-1d (117 mg, 98%) was recycled. [a]p>> = 41.3 (¢ = 1.01, CHCl;);
"H NMR (400 MHz, CDCl3) & 0.84-1.14 (m, 4H), 1.41 (s, 9H), 1.48-1.86 (m, 6H), 3.81
(d, J=4.0 Hz, 1H), 4.07 (dt, J= 3.6, 14.4 Hz, 1H), 5.13 (dd, J = 12.0, 80.0 Hz, 2H), 5.16
(dd, J=6.0, 12.0 Hz, 2H), 5.55 (d, J = 11.2 Hz, 1H), 7.28-7.40 (m, 10H); *C NMR (100
MHz, CDCls) 6 25.82, 25.86, 25.99, 28.32, 29.52, 30.13, 41.16, 52.81, 55.22, 67.19,
67.61, 79.06, 128.30, 128.36, 128.46, 128.55, 128.60, 135.12, 155.61, 168.21, 168.55; IR
(neat) v 3434, 2923, 1728, 1713, 1496, 1160; HRMS: calc’d for (M+Na)" CaoH37NOgNa:
518.2519; found 518.2514.
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6. Conversion of N-Boc amine 6Ab to N-Boc-protected -amino acid 7Ab

_Boc _Boc
HN 1) Pd/C, H,, MeOH, 10 h HN
COOBnN - COOH
COOBN 2) Toluene, reflux, 2 h
S-6Ab, 96% ee S-7ADb, 94% ee

N-Boc amine 6Ab (48.9 mg, 0.10 mmol) was hydrogenated with 10% palladium
on carbon (21 mg) in methanol (3.0 mL) at room temperature under an atmosphere of
hydrogen for 10 h. The mixture was filtered with celite to remove insoluble material
afterwhich the filtrate was concentrated to give a foam. This was dissolved in toluene (4.0
mL) and the solution was heated at reflux for 2 h. The solvent was removed and the
product was purified by flash chromatography.

HN/Boc S-7Ab This product was obtained as white solid (20 mg) in 76%
yield after flash chromatography (silica gel: Hexanes : Ethyl Acetate :

COOH Acetic Acid = 80 : 20 : 1) and in 94% ee as determined by HPLC

[Daicel Chiralcel OD, Hexane / IPA/ TFA=98/2/0.5, 1.0ml'min’",

S-7Ab A =220 nm, 0 °C, t; (major) = 14.00 min, t; (minor) = 18.17 min].
[oc]D25 = -50.1 (c = 0.71, MeOH); Spectrum data was same as

reported and the absolute configure of 7ab was determined to be S by comparing the
optical rotation with literature value [a]p? = -45.6 (c=1.00, MeOH)S.

7. Conversion of N-Boc amine 6Le¢ to N-Boc-protected B-amino acid 7Le¢

INELCE 1) Pd(PPhs)4, morpholine, N
= COOAIlyl THF, RT, 3h . COOH
COOAIllyl  2) dioxane, reflux, 3 h
(+)-6Lc, 96% ee (-)-7Lc, 96% ee

To a suspension of 6Lc (56.0 mg, 0.135 mmol) and terakis(triphenylphosphine)-
palladium (15.6 mg 0.0135mmol) in THF (1.5 mL) was added morpholine (36 pl, 0.41
mmol), the resulting reaction mixture was stirred at room temperature for 3 h. Then
solvent was removed under reduced pressure, and the residue was dissolved in dioxane
(3.0 mL) and refluxed for 3 h. Solvent was removed under reduced pressure and the
residue was purified by flash chromatography.

¥ Laschat, S.; Kunz, H. J. Org. Chem., 1991, 56, 5883
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_Boc (-)-7Lc This product was obtained as white foam (28 mg) in 72%
yield after flash chromatography (silica gel: Hexanes : Ethyl
Acetate : Acetic Acid = 88 : 11 : 1) and in 96% ee as determined
by HPLC [Daicel Chiralcel OD, Hexane / IPA / TFA =98/2 /0.5,
7Lc 1.0 ml-min”, A = 220 nm, t, (major) = 32.76 min, t, (minor) =
38.20 min]. [a]p> = -23.0 (c = 1.10, CH5Cl); "H NMR (400 MHz,
CDCls) 6 1.41 (s, 9H), 2.85 (brs, 2H), 5.11 (br, 1H), 5.25 (dd, J = 2.4, 10.8 Hz, 1H), 5.46
(br, 1H), 5.74 (dd, J=2.4, 17.6 Hz, 1H), 6.70 (ddd, J =2.4, 11.2, 17.2 Hz, 1H), 7.16-7.22
(m, 1H), 7.26-7.36 (m, 3H), 10.6 (br, 1H); *C NMR (100 MHz, CD;0D) & 28.83, 42.34,
52.94, 80.40, 114.36, 125.37, 126.27, 126.97, 129.84, 138.20, 139.32, 144.22, 157.64,
174.42; IR (neat) v 2979, 1714, 1395, 1164; HRMS: calc’d for (M+H)" C;sH»NO,:
292.1549; found 292.1555.

HN
COOH

8. General Procedure for Enantionselective Mannich Reaction of Ally -
ketoester 8 to imine 4A, and transformation of Mannich adduct 9 to amino
ketone 10.

2) 5mol % pd(ll),
1)4A, QD-1d (Q-1d) Boc-. methylaceto- Boc .

U (10mol %), -60°C, 12hr NH O acetate, NH O
- —_—

R Allyl R R

OAlly Q)\c(otauw CH,Cly w

8 a: R =Me b: R=Et c: R=i-Pr 9 10

To a solution of imine 4A (0.20 mmol) and chiral catalyst (10 mol%) in acetone
(0.40 ml) at —60 °C, was added B-ketoester 8 (0.30 mmol) in one portion. The resulting
mixture was kept at —60 °C for 12 h. The reaction mixture was diluted with ethyl ether (5
ml) and allowed to pass through a short silica gel column. Then the filtrate was
concentrated and purified by silica gel flash chromatography using the eluent specified
below.

Mannich adduct 9 was converted to 10 by Pd-promoted decarboxylation’.

To an oven dried round botton flask (10 mL), was added allyl palladium chloride
dimmer (1.8mg, 0.005 mmol) and () 2,3-O-Isopropyllidene-2,3-dihydroxy-1,4-
bis(diphenylphosphino) butane (() DIOP) (5.0 mg, 0.010 mmol). The Pd catalyst and
ligand were dissolved in methylene chloride (250 pl) and stirred at room temperature for
10 minutes. Methyl acetoacetate (0.023 mL, 0.20 mmol) and isolated product (9Aa — 9Ac,
0.10 mmol) were added successively. The reaction solution was stirred at room
temperature overnight and then subjected directly to flash chromatography over silica gel
using the eluent specified below.

Boc. 9Aa This product was obtained as a white solid (61 mg) in 90% yield
NH O after flash chromatography (silica gel: Ethyl acetate / Hexane = 1/8)
w from a reaction catalyzed by QD-1d (10 mol%) at —60 °C for 12 h. '"H
cooallyl NMR (400 MHz, CDCls, major diastereomer was reported ) 6 1.40 (s,

9Aa
’ Lou S.; Taoka, B. M.; Ting, A.; Schaus, S. E. J. Am. Chem. Soc. 2005, 127, 11256
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9H), 2.17 (s, 3H), 4.04 (d, J = 6.0 Hz, 1H), 4.56 (d, J = 5.2 Hz, 2H), 5.18-5.28 (m, 2H),
5.45 (brs, 1H), 5.70-5.90 (m, 2H), 7.20-7.40 (m, SH); HRMS: calc’d for (M+H)"
C1oH26NOs: 348.1811; found 348.1810.

Boc. (-)-10Aa This product was obtained as a white solid (22 mg) in 83%

NH O vyield after flash chromatography (silica gel: Ethyl acetate / Hexane = 1

/'3) and in 92% ee as determined by HPLC [Regis Pirckle Covalent (R,

R) Whelk-O 1, Hexane / IPA =85/ 15, 1.0 ml-min'l, A =220 nm, t,

(major) = 5.98 min, t, (minor) = 7.80 min]. [a]p? = -24.7 (c = 0.55,

10A2 " CHCLy); 'H NMR (400 MHz, CDCls) § 1.41 (s, 9H), 2.09 (s, 3H), 2.91

(dd, J = 5.6, 16.0 Hz, 1H), 2.9-3.1 (m, 1H), 5.08 (brs, 1H), 5.41 (brs, 1H), 7.20-7.40 (m,

5H); *C NMR (100 MHz, CDCls) & 28.31, 30.59, 49.30, 51.02, 79.68, 126.19, 127.42,

128.63, 141.50, 155.10, 206.98; IR (neat) v 3384, 1714, 1685, 1516, 1168; HRMS:
calc’d for (MJrH)Jr C5sH2,NO;3: 264.1600; found 264.1604.

k

9Ab This product was obtained as a white solid (57 mg) in 79% yield

after flash chromatography (silica gel: Ethyl acetate / Hexane = 1 / 10)

from a reaction catalyzed by QD-1d (10 mol %) at —60 °C for 12 h. 'H

cooallyl NMR (400 MHz, CDCI3, both diastereomers were reported) & 0.93 (t,

J = 6.8 Hz, 3H), 1.08 (t, J = 6.8 Hz, 3H), 1.40 (s, 9H), 1.41 (s, 9H),

9Ab 1.56 (s, 2H), 2.12-2.22 (m, 1H), 2.55-2.63 (m, 2H), 2.75 (m, 1H), 4.06

(m, 2H), 4.52-4.58 (m, 4H), 5.12-5.28 (m, 2H), 5.44 (brs, 1H), 5.53 (brs, 1H), 5.71-5.83

(m, 2H), 5.99 (brs, 1H), 6.19 (brs, 1H), 7.24-7.35 (m, 10H); HRMS: calc’d for (M+Na)"
C,0H27NOsNa: 384.1787; found 384.1776.

Boc.

%;Z
I
)

(-)-10Ab This product was obtained as a white solid in 81% yield
NH O after flash chromatography (silica gel: Ethyl acetate / Hexane = 1 /
15-1 / 5) and in 91% ee as determined by HPLC [Regis Pirckle
Covalent (R, R) Whelk-O 1, Hexane / IPA = 85/ 15, 1.0 ml-min”', A
= 220 nm, t, (major) = 5.41 min, t, (minor) = 7.53 min]. [a]p>> = -
10Ab 19.5 (¢ = 0.57, CHCL3); "H NMR (400 MHz, CDCl3) & 0.96 (t, J =
6.8 Hz, 3H), 1.41 (s, 9H), 2.25-2.43 (m, 2H), 2.88 (dd, J = 6.0, 15.6 Hz, 1H), 2.99-3.02
(m, 1H), 5.08 (s, 1H), 5.52 (s, 1H), 7.22-7.34 (m, 5H); *C NMR (100 MHz, CDCl;) &
7.35, 28.29, 36.63, 48.04, 51.14, 79.59, 126.12, 127.30, 128.58, 141.62, 155.09, 209.73;
IR (neat) v 3380, 1715, 1684, 1519; HRMS: calc’d for (M+H)+ Ci6H24NO;5: 278.1756;
found 278.1745.

Boc.

i

Boc. QD-9Ac This product was obtained as a white solid (58.6 mg) in
78% vyield after flash chromatography (silica gel: Ethyl acetate /
Hexane = 1 / 10) from a reaction catalyzed by QD-1d (10 mol %) at
—60 °C for 12 h. '"H NMR (400 MHz, CDCl; both diastereomers
O" "oAllyl  were reported) & 0.67 (d, J = 6.8 Hz, 3H), 0.97 (d, J = 6.4 Hz, 3H),
9AC 1.08 (m, 3H), 1.19 (d, J = 6.4 Hz, 3H), 1.41 (s, 18 H), 1.58 (s, 2H),

2.40-2.47 (m, 1H), 2.96 (brs, 1H), 4.20-4.23 (m, 2H), 4.52-4.53 (m,

%;Z
I
’
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2H), 4.58-4.67 (m, 2H), 5.12-5.17 (m, 2H), 5.24-5.34 (m, 2H), 5.48 (brs, 2H), 5.71-5.78
(m, 1H), 5.84-5.91 (m, 1H), 6.16 (brs, 1H), 6.40 (brs, 1H), 7.22-7.34 (m, 10H); HRMS:
calc’d for (M+Na)Jr C,1H29oNOsNa: 398.1943; found 398.1932.

Q-9Ac This product was obtained as a white soild in 85% yield from a reaction catalyzed
by Q-1d (10 mol%) at —60 °C for 12 h.

(-)-10Ac This product was obtained as a white solid in 66% yield
NH O from QD-9Ac, after flash chromatography (silica gel: Ethyl acetate /

Hexane = 1/15) and in 96% ee as determined by HPLC [Daicel
Chiralpak AS, Hexane / [IPA =98 : 2, 1.0 ml-min'l, A =220 nm, t;
(major) = 11.76 min, t, (minor) = 10.54 min]. [at]p>> = -15.0 (c = 0.92,

CHCl3); 'TH NMR (400 MHz, CDCl3) § 0.95 (d, J = 7.2 Hz, 3H),

10Ac 0.99 (d, J = 6.4 Hz, 3H), 1.41 (s, 9H), 2.44-2.51 (m, 1H), 2.91 (dd, J

= 6.0, 16.4 Hz, 1H), 3.06-3.10 (m, 1H), 5.08 (brs, 1H), 5.63 (brs, 1H), 7.21-7.33 (m, SH);

13C NMR (100 MHz, CD,OD) § 18.14, 28.74, 42.15, 48.09, 52.09, 80.20,127.41, 128.15,

129.45, 144.19, 157.51, 213.91; IR (neat) v 3375, 1711, 1686, 1520; HRMS: calc’d for
(M+Na)" C;7H,sNOsNa: 314.1732; found 314.1727.

Boc

N

(+)-10Ac This product was obtained as a white soild in 99% yield and 92% ee from Q-
9Ac.
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90/ 10, 1.0 ml-min™", 220 nm

Ipak AD, Hexane / IPA

Daicel Chira

HPLC Condition

AR+3880A° T=40
LA+JBTAL" p=u3

2R3t RS 5811 34 89782082
BITE576¢ LEST N4 f9LTBEEZ
pa-kLL] HIOIM 3441 HI4W

Ddd A44mZEZ04H + 3714
B THNITS W 23714

N4 A¥0133410
Jdd 844020204 03 2yead passaooad Outaoyg
NGBS THHSIS:W 21T+ Teufits Butsor)

S
SAREITZ FBAZ BT HNML EFOZTE HNE

_Boc
COOMe

COOMe

ic 6Aa

HN
racemic

w

3

o
T oo
"

SZUERTZ

T
o

41

HHE®

=
—
o
—
o

AB+3AA08° T=A01JH4 T0H
L0+3LTHEY b=HIMH L0

ZH3de
3714 HH3d

2@z "8T NHI ZERIT #NMA

WHOTS L 03 s4@ed passsooad BUTJ93S

104 Ad0EI3NI0
THHO TS 93 reufits BuTa0}s J40dl3

TEMDIS 40 OH3

(-)-6Aa, 93% ee
Product of Q-1d catalyzed

reaction

00+30000° T=301344 NU
LB+3S60F beH3dY THLO0L

‘8T WMl FEAZT #HNA

0} symad paseadcJad Butdois
1IN4 AZ0LIIEI0
ButJo}s 40447

M3

5191

14415

(+)-6Aa, 97% ee
Product of QD-1d catalyzed
reaction



HPLC Condition: Regis Pirckle Covalent (R, R) Whelk-O 1, Hexane / IPA =99 /1,

1.0 ml-min™', 220 nm

_Boc
HN

COOBn

COOBn

racemic 6Ab

(-)-6Ab, 94% ee
Product of Q-1d catalyzed
reaction

(+)-6Ab, 96% ee
Product of QD-1d catalyzed
reaction

hickle's method
| 21

VIWD1 A, Wavelength=220 nm (HICKLEUUN-

8-45-B.0) T SRR TP
mal
B00 g
v
I @
| -
600 - "
-
| |
|
400 - Il I
||
|
| / .
200 - | | 'I
[ |
. | .
| [
0 It f — A — -l_l 3 j" ) —_—
ST—— = R
o S 5 10 15 20
Signal 1: VWD1 A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] mAU *g [mAU ] %
e e R R R B |
1 d2.068d 1. NV 2.16518e4 712.11652 48.5263
2 1la.602 1 VB 2.2966%e4 595.88727 51.4737
Totals : 4.468186e4 1309.00378
hickle's method N
VWD1 A, Wavelength=220 nm (HICKLEWUN-8-45-8.0)
mAU ]
350
&
300 4
250 | |
] | I
200 |n
150 w
|
100 | | ||
| o I
50 2 \
| g
0 | A = L
i \
spd— P T — — o '
0 5 10 I - . |, ___min
Signal 1: VWD1 A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] mAU *g [mzu ] %
S R f=mmzezees [-esmnene |
1 12.485 1 BV 278.17789 9.92384  3.0802
2 14.8%4¢ 1 VB 8752.93164 271.07489 96.9198
Totals :

9031.10953
hickle's method i i

|-mu|

e !
200

| 150 ‘ H

100 -

s

|
1
0

VWD1 A, Wavelength=220 nm (HICKLE\KL-15-64-2.0)

280.9%873

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Sig Type

Area

# [min] mau =
,,,,,,,,,,, ‘___I____ e
1 12.370 1 VB 6460.62549
2 15.122 1 BB 134.01273
Totals 6594.63821

S-18

Height Area
(mau ] %
227.44182 97.3679

3.34240  2.0321
230.78422




HPLC Condition: Daicel Chiralpak AS, Hexane / IPA =98/2,1.0 ml-min'l, 220 nm

VWD A, Wavebngthedi am (HICKL FULIN.A-00.A D)

AL §
175 [
§
150 o
_Boc
HN 125
COOAIlyl oo
5
COOAllyl & o8
]
racemic 6Ac N
0 5 10 18 n
Signal 1: VWDl A, Wavelengrhe220 nm
Peak RetTime Type Width Area Height Area
" [min) [min] man *s [marr ) L]
R R e rI CEee B | | | I
1 11.086 BV 0.6409 7473.46240 182.46924 49.7056
2 11.969 VB 0.B013 7562.00244 146.23720 50.25944
- ‘arala : 1.50355e4 138.70644
VWD A, Wavelength=220 nm (HICKLE\UN-8-99-B. D)
mAL
o
8
400
300
200
100
9%
(-)-6Ac, 92% ee
2
0 —_
Product of Q-1d catalyzed ; - : .
5 10 15 20
reactlon Signa] 1: VWD1 A, Havelengr_h:?zu nm
Peak RetTime Type Width Area Height Area
# [min] [min] \iJ *g [mAU 1 %

| |
1 11.002 BV 0.6628 1.88573e4  433.04745 96.0464
2 13.193 VB 0.8066 776.23462  14.8B056  3.9536

‘otals : 1.96335e4  447.92801

VWD1 A, Wavelength=220 nm (HICKLEWUN-8-99-C.D)
mAU

&
125626

(+)-6Ac, 98% ee
Product of QD-1d catalyzed
reaction

150

signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height Area
# [min] [min] AU  *s [mau ) %
B R |l ey |omommnenn- [=mmmmmeee- [===mmmem |
1 11.001 BV 0.5889 158.93767 4.47746  0.9018
2 12.626 VB 0.8421 1.74660e4  322.19614 99,0982
otals : 1.7624984  326.67359
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HPLC Condition: Daicel Chiralpak AS, Hexane / IPA =90/10, 1.0 ml-min'l, 220nm
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Product of Q-1d catalyzed
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Product of QD-1d catalyzed
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90 /10, 0.5 ml-min™', 220 nm

Icel OD, Hexane / IPA =

Daicel Chira

HPLC Condition
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HPLC Condition: Regis Pirckle Covalent (R, R) Whelk-O 1, Hexane / IPA =99 /1,
0.5 ml-min'l, 220 nm

hickle's method
VWD A, Wavalength=220 nm (HICKLEUUN-8-46-C.0)

- o
ool g 4o
b v
1200
HN Boc o
a00
COOBnN
600
COOBn a0 -
200 |
racemic 6Db i v
o 5 10 15 20 mm‘
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] mAL *g [mau ] %

e e P Lo |==cznzen-n Eiv v |
1 15.621 1 BV 4.82044e4 1429.71765 49.2814
2 17.622 1 VB 4,96102e4 1359.73657 G50.7186

hickle's method
WWD1 A, Wavelength=220 nm (HICKLEWUN-8-46-C.0)

mAU
1400
1200
1000
1 0
o
800 IS
600
(-)-6Db, 92% ee 400
©
Product of Q-1d catalyzed 20 §
reaction o e R
0 5 10 15 20
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] mAU *s [mAU ] %
cmmm | e ————— I | ________ |
1 15.%26 1 BV 977.26251  32.62965  3.9814

2 17.816 1 VB 2.356B6e4 719.15088 95.0186

Totals : 2.454559e4d 751.78053

hickle's method
WWD1 A, Wavelength=220 nm (HICKLEWJUN-8-46-C.D)
mAU

15,740

400

(+)-6Db, 97% ee 200

Product of QD-1d catalyzed ¥ B
reaction 3

Signal 1: VWDl A, Wavelength=220 nm

18.030

Peak RetTime Sig Type Area Height Area
[min] mAU *5 [mAU 1 &

| | I
1 15.740 1 BV 4.68023e4 1447.52B0B 298.4714
2 18.030 1 VB 726.52606 16.99037 1.5286

Totals : 4.7528824 1464.51B45
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HPLC Condition: Daicel Chiralcel OD, Hexane / IPA =90/10, 1.0 ml-min'l, 220 nm
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HPLC Condition: Daicel Chiralcel OD, Hexane / IPA =90/10, 1.0 ml-min'l, 220 nm
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HPLC Condition: Daicel Chiralcel OD, Hexane / IPA =90/10, 1.0 ml-min'l, 220 nm
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85 /15, 1.0 ml-min™', 220 nm

Icel AD, Hexane / IPA =

Daicel Chira

HPLC Condition
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THHATS 40 M3

1HH 1S

STHRTHZT  SAAZ ‘A7 13N LAATTH WNA

(-)-6Hb, 96% ee
Product of Q-1d catalyzed
reaction

AR+IAAAR" T=ANIH I 0L
AR+39689° T=HIHH THINI

FEAFRTT AT T A8 FR99TH7 TAL™ A7
N/LAR9STRA BTRT AAS  AZTSHS99T 597791
YHTHH HINTM  JdA1 HIEH 14
AHTHH
HHd HHATS W = 37T4 WH3A

Aq:1p9:sAT  SAAZ YAZ 0N BARATT HHNNA
HHd™  THMOTS:W 93 sxead passagoad But.oig
N4 AANTTHTO

HNA®  IHNATS:W 03 Teufits BUTJOYE 40443

ANIS TTAHITUT
b A% W

4T

1
14415

A5teStAT  SAAZ TRZ 170 BRATTH HNH
HMH#

(+)-6Hb, 97% ee
Product of QD-1d catalyzed
reaction
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98 /2, 1.0 ml-min’', 220 nm

Icel OD, Hexane / IPA =

Daicel Chira

HPLC Condition

SN

Cr €2

_Boc
HN

G2+308808° T=40124] 0L
LO+3p9997 9=H34Y HLIO0L
&7 &an SO9LZ9EEE  L5F7 2E
c- 1 na FCI@ACCS QoL me
577 N2 ISLBEREEE 92FT8E
BIM 3d4L1 HIHY 1¥

oo mxmwn Unnnuuj_l m:nuoﬂm

N4 A¥0133410

1g:lf o1 Teufts Butuoise soaa3

i
1dgls
sgaz ‘6T 230 TZLTTE MO
[APE.

COOBn
COOBn

racemic 6lb

RS
S

A0+30808° T=401344 0K
BA+366ZS5  Z=H3dd THIOL

£8296° 5 6L6°T &3 96959077 MOTE 9%
971Z£@ b6 bS56°T @85 NZGTZETEE 245 B2
ZH3EH HIOIM 3dAl H3dH 1

ZHIdH
Had™ THNOIS: L 314 HH3d
ET:E:TZ 5002 ‘6T 230 bZLTT HNNY

Hald" IHHE TS 03 eqsad passasodd Butdaols
N4 AE0L2341I0
HHA®  HHOTS:ld 03 Teubis Butdoils Jodd3

THHOIS 40 OW3

41

41
LdH1s

ET:EH:TZ  SEBZ ‘6T 230 FZLTTH NOA

(-)-6Ib, 88% ee
reaction

Product of Q-1d catalyzed

BE+30000° T=4013H4 TINK
BE+3TA9T  T=H3dH THLOL

GZ9LE 86 BTZ°Z @HS BZSTZTeTT LZT S¢
9LEZO T 855" T HE Bb9E8ET TLlTE
FLEET HLOIM 3dal H3dd 1d
FCEED
Hdd THNIISTH ¢ 3714 Heid
ST:Z¢*BZ  5PBZ ‘BT 230 EZLTT HHNA

Had™  THN9IS:l 03 s32ad p3ssasodd Buldoig

1INd Ad80133410
BMET  THNOIS: 9% [®ufts ButJols Joud3

THH9IS 40 ay3

S
LZT SE
LB TE
41
AT b
L1dH LS
9Z:Zpr@Z 5882 ‘6T 230 EZLTTH NN
HH &

(+)-61b, 97% ee
Product of QD-1d catalyzed
reaction
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90 /10, 1.0 ml-min™', 220 nm

Icel OD, Hexane / IPA =

Daicel Chira

HPLC Condition

AR+ IAAAA" T=A017H 4 TN
JR+IASARA S =HINH THINI

STLEA Ak ZR9- ad ZARAFAREF JAQF T ET
QRZFARAS AbBS A5 ZARIARISYE 152 A1
EHAHH HIOTM  34A1 H3IHH el
HHAHM
Hed™ THHO TS # L 2 AT 4 M43
FSERIAT AAAZ 'S MHC ALETT HHMOH

eyead passcasoad Butaolsg

TN 4 ANNIIINTN
IHHE TS 03 Teubis BUTJO3e ao.d7

THNAOTS =W OF

AHM9 TS N

AO9E°FT Il....llﬂ...m.h.L
157 AT —J

KA

iT

FS:ZRtAT  9ARZ 5 HHIM

HN- Boc
COOBn
COOBn

racemic 6Jb

MeO

AR+IAAAR T=AN1IH{ TNL
JA+ILTTI b=HIAH THINI

§72kAS"F A9 aa 9FARELT LAk FT
FAGRE9R 75S° AdS  RIRSL9AF AT
#HINH HINTH 3441 HIHH
NHA NTHARATIAL ¢ 1T
AHATIHNATS M #3071 THRATS
7SteSIA7  9AAZ 'S HHC FLRTT HHNA

1IN AHRIAIHTIN
NAA NTHAALTN I 03 sHead passatodd DutJolg
AuAT THHATEW 2714 Teufite OursoTd

AN 1S

}nT.ﬂHmL

WHM

T
[#H 15

FLATTH NNH  #

598" £ 1

(-)-6Jb, 93% ee
Product of Q-1d catalyzed
reaction

RAFARS AR ]nL”
TI9Rk" 1 F15
AHAHH HINTM

TFEAREAZ  GAR7 °5

AR+IAAAA" T=3N1IH4 TNL
JA+IREAS S=HIAH THIM

HAST Z8L79T35 599721
AA SR8 57 AT
TdAl HAHH I #
#H3HH
HMA™ THHATS W ¢ 3774 WH3A
NHT TARTT #hNA

Hid®  THHOTS:W 9% &yead passasolad Butaoys

1IN AARTAIHT

HHA®  THMATS:L 03 TeuBts OUtJols Joud3

THHATS 4N WA

_
[%¢ AT
1T
[E
IAH 1S
TE:RAAZ  9ARZ 5 MHP ARATTH NN
e
(D)
N
>
=
Q
O =
(=] C
S oo
91_..m
S8
- )
O Gy ™~
~ ©
Hw
5
S
S
&
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90 /10, 1.0 ml-min™', 220 nm

Icel OD, Hexane / IPA =

Daicel Chira

HPLC Condition

21278785 8r9°
BEZ86 6b £55°
ZH344 HI0IN

88+39080° T=401J44 INW
B80+36BZE° Z=HI4H TMHLI0L

3dS  BBB9BEITT Sk 2T
B85 @0+99b3TT ASS AT

JdAl H3¥H 13
AH34H
Hid THNOIS:1 3714 Ad3d
HHT £882T #HNY

Bb:95E2 9907 ‘Bz
Hdd"  YN9IS: o3

HBNE™  THNIIS:U

$q®ad passasound Butuoig

1IN4 A¥0L23410
03 (eubts Butaois 40443

TWHOTS 40 N3
955 3 21 e e

6b*95:E2

_Boc
HN

9882 “8Z HWHr

41 ﬁiIIIIIIIII1

lad1s
£30ZTH# HNH

COOBn
COOBn

racemic 6Kb

BZ9EB Z 585"
TLEIT LB £S5
%H3dy HLOIM

BR+38888° T=401344 0L
4B+380B88 6=H34H Y101

a4 tLbZBBE BZ9° 271
34S +8558896 E£65°87
JdAl H3¥Y 1d
#d3d4
Hdd THHN9IS:H : 3714 HH3d
NHT FEBZT #HNY

vZ:EZ'@@ 9087 ‘T1Z
Hid™  THNIIS: 9%

HNE™  TTHHOIS:

£65°07

syead passacoad Butaoysg

1IN4d Ad013341I0
0} [eubts Butaols J0443

THH9IS 40 pgH3
BZ3° 215

vZ:EZ:00 98082

EDRN

41 L.
13615

‘1Z NHr BRZTH HNA

(-)-6Kb, 94% ee
Product of Q-1d catalyzed
reaction

]

w

00+30800° T=401344 M
LB+3T698" S=H3dy W01

99B5T°66 9" @45 9EL2618S 265721
SE6bE 685" dd  TepBes sel ot
ECEEL ] HIOIN  3dAl W3gy 14
ELEL L]
Hdd' THHAIS Y 3714 w¥3d

85142170 3007 ‘17 wur 58821 #Hny

HEd" TMHOIS:M 0% syesd passsaoud Butaoyg

TIN4 A301334810

HHE®  TWN9IS:W 03 Teubis Butaeys Jouug

THHIIS 40 OM3

_J

FELTES

85187:20 2882 ‘17 Wur SBOZTH WNY

(+)-6Kb, 98% ee
Product of Q-1d catalyzed
reaction
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=98/2,1.0 ml-min”', 220 nm

Ipak AS, Hexane / IPA

Daicel Chira

HPLC Condition

80+38808° T=4012H4 TNK
8B+3L+98 E£=H3dH U101

98.98° RS 85T T HHSI PERY8S9ET £L8°ET
FTZET 6¢F T28° HES BEBES8BLBERT S89° 717
XH3HH HLOIM 3dA1 Y34 13
#H3dEH
Haid THNIIS: M 37I4 HH3d
EZ2t@BS:EZ 9882 “$Z HNHI LSTZT HMNA
Had" IHHOIS: 0% ey=ad psssasoad Suiaois
1IN4d A¥0LI3¥IO
HHa" AHNOIS: 03 Teufts Butdole Jaodd3
dohm
BLETET mmmme—
S@A9° 771 |||I|"||r|||n||.n}u
4T
4T L.
Ladls
EZFBSYEZ  90BZ ‘HZ NHI LSTZTH HNA
>
N
(@) =
o <
(&) (@] ﬁu 3
o) O
—
m ] ©
WN o
I IS
@
(&)
©
S

BE+308080° T=401J84 TN
BB+3T90L° T=H34d TTHIOL

TTETS 2 g98° g8 BESLBZE BTS ET
7698+ 246 5Z8° 885 B9E6TE99T 268 TT
XU3dy HLIOIM IdAl H3EW 13
XH3IHd
Hid™  THNIIS:L ¢ 37I4d Ad3d
bE:AS:TA  988Z *SZ NHC 6STZT #MNNH
Had-" THNOIS! L 93 syead passssodud BUTaolg
TIN4d Ad0LI3IHIA
HHE" IHNOIS: W ©03 Teudts Outdois doadl
dol1s
BIS E£T
LEBTTT .
41
——y
41 L.
lad 1S
PE*BS: T8 9882 *‘SZ NUr BSTZTH HNH

(-)-6Lc, 95% ee
Product of Q-1d catalyzed
reaction

B8+38880° T=401JH4 TNK
BB+3ELLZ Z=HIH¥H THLIOL

QZ¢887 L6 BST°T HHSI B88FZL227 EHS ET
PLSET 2 888" Hn £p28885 225777
XH3IHH H1O0IM 3d4A1 H3dW 14
KH3IEY
Had THH9IS: ¢ 3714 HH3d
BE:BT:88 9B88Z °“SZ HHI 85TZT #HNNH
Hyd" JHHS IS 03 =yead passssoad Butdaois
TIN4 A40123410
HHE " AHN9 IS 01 teubts Butdols dodal
THHATIS 40 OH3
EFSTET

1¥-1. BR-]
BE:8T:AP 988Z ‘SZ HNHl BSTZTH NN

(+)-6Lc, 96% ee
Product of QD-1d catalyzed

reaction
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HPLC Condition: Daicel Chiralcel OD, Hexane / IPA =98 /2, 1.0 ml-min'l, 220 nm

NHBoc
COOBnN

CO0OBnN

racemic 6Mb

(+)-6Mb, 89% ece
Product of QD-1d catalyzed
reaction

+AkH
RUN H1zZ3a@Y
START

MARE &1, Z0B6  @9:31:18

Error storing signal te HMiSIGHAL .EHR
OIRECTORY FULL

Stoiring processed peaks to M:SIGHAL . PRA
RUME LZT07 MAR 21, 2888 9131186
FPEAK FILE : H:S5IGHRL .FRA
REERX
ET REER TYPE WIDTH AEERY
15 888 T3I@9Bl1Z SPE 962 49 2Z227
18 .6849 V53859664 ISFF 1 ,.294% 5@ _TeT7vV3

TOTAL AREA=1 . 4546E+«08
HUL FACTOR=1 BHBEE-@Q

WD A, Waelength=215 nm (HICKLEWUUN-8-258A-PLIRE D)

—

75|

500

R AT

25 Ii - |

Peak RetTime Type Width hrea Helght hrea
# [min] [min] mRAU g [maL 1 x
SR T e K T Ty |
9.7518 E535.06702 11.0403% 5.5841
1.0102 904€. 86133 1315.7085%0 94 . 415%

1 16.14%5 BB
2 14.88E EBE

Totals : 9581.592834 146.B3523
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HPLC Condition: Daicel Chiralcel OD, Hexane / IPA =98 /2, 1.0 ml-min'l, 220 nm

NHBoc
COOBnN

COOBnNn

racemic 6Nb

(+)-6Nb, 92% ee
Product of QD-1d catalyzed
reaction

i
FUH #13B6lS rMAR 31, ZO@6 @@ 9L:L3
STHRT

1432

EHDO OF SIGHAL

Erraor storing signal to M:5IGHAL ,BHR
CIRECTORY FuULL
Staring processed peaks to M:SIGHRL PRER

RUME L3015 MAR 31, Z@@6 @@:41:13
PEAE FILE « M:SIGHAL .FRA
ARERE
RY AREA TWPE WIOTH RREAX
L4.892 32275392 Bu _vaz 39 (EB435
L& 315 3ZIV1Le4E UE .325 5@ . 33563

TOTAL RREEA=6.4937E+«QY
MUL FACTOR=1 0QA0E+~Q@E

AN
EUH #13819 MAR 3L, zZ@@e Ble2%r4l
START
. If

py

r}F

S g 2o .

16 228

=

Error storing signal to H:SIGHAL .BHA
OIFECTARY FULL
Storing processed peasks to PsSIGHAL .FRA

ExD ar SIGHAL

RUHE L3@19 FARRE 31, Z0B5 BLeZ9:9]
FEAK FILE : M SIGHAL (PER
AREAX
4] AEER TwFE UWIDTH ARERE
14 . 312 1583932 FU 1] 3.97286
16 .226 35351288 4l .5979 54 _gETLY

TOTHL RRER=3.7ESSE+Q7
MUL FACTOR=1 . 0QBBE+Q@
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HPLC Condition: Daicel Chiralcel OD, Hexane / IPA =97 /3, 1.0 ml-min'l, 220 nm

NHBoc
COOBn

COOBn

racemic 60b

(+)-60b, 88% ee
Product of QD-1d catalyzed
reaction

VDT A, Winalanglh=220 nm (HICKLEUUN-S-33-RaCEMIC O)

maL
g -]
;
80
|
| 3 ]
1 v ]
40| = =]
| | i =
| | | M
{ ! |1
n )
| | | P
51 ; T
20— e — .
a 5 10 15
Signal 1: VWD1 A, Wavelength=220 nm
Peak RetTime Type Width Rras Helght Area
B Imici) [mim] mAU g [malr 1 ¥
- | . e [, |--------
L 8.15% BB ©.4384 9B5.T728&84 15.08%25 49, 48382
2 10.233 EB G.4365 100E.115&0 11.379%0 B0.5113
Totals 1991 .92424 E6.46015
WD A, Waelength=250 nm (HICKLEULUS-8-81-A-PLRE O)
AL
200-|
E g
180 - =
| n
I
] |
100 - b
| |
| |
[ )
50 i
) & Pl
o |
] | kel |
a | - L —
o = p— :
o 25 5 75 10
Signal 1: VWD i, Wavelength=220 am
Peak RetTime Type Width Area Hedight
4 [min] [min] mAD g {mald 1
= == e e e e e e e = =Yg | P s Sy
1 84.253 BB 0.4310 2481.01743 10.05148

2 10.2ZBEl1 BB 0.5156 4461.37402

Totals : 474, 39145
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HPLC Condition: Daicel Chiralcel OD, Hexane / IPA/ TFA=95/5/0.1, 1.0

ml-min™, 220 nm, 0°C

@337

3

_Boc
HN

(2]

COOH

26

racemic 7Ab

JAN

1]

#1z@
T

(S)(-)-7Ab, 94% ee .
derived from (+)-6Ab

2034

RUM H1
START

S-34

s
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i
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(ux]
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1]
—_
H
I
T
M =
r- @
e
foom
]
—

EMHD" OF

CBHA

to M:SIGHAL

Error storing signal

ODIRECTORY FULL

.PRA

sed peaks to M:SIGHAL

28

& 23:114:

2@

, 2006

{2

JAH

17,

JAM

BUNE 12834

M:SIGHAL .PRA

FILE
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WIODTH
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T
Ld
[u4
T
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RT
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(]

z

[}

o

e
D
o
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L .64z

EF
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.6499E+87
. PEEAE+QE

AREA=4

TOTHL

L . BEREE+BEE

ICTOR=

E
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HPLC Condition: Daicel Chiralcel OD, Hexane / IPA/TFA=98/2/0.1,1.0
ml-min'l, 220 nm.
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85/15,

Pirckle Covalent (R, R) Whelk-O 1, Hexane / IPA =

is

Reg

HPLC Condition

1.0 ml-min™', 220 nm

AR+IARARA T=AN1TH4 N
JA+ASARS S=HIAH THINI

ARRZE AS RRZ AAS ZLASAARTY L ]
FAT G Ak kP AdS bRALATLLZ 9.7°9
“HAMH HINTM 3441 HIAH 14
EHTAH
HHA" THHATS L ¢ 7T 4 HHIA
/A:ZA:T7 apnz ‘e HHT ARSATT #HNA

HHA" MHHNAOTS 1 03 syead passavoad Gutaolsg
AN AHDLIINTN
HHE" AHHATS L 03 Teubts Butdols Jo0da3

4018

Lo TR7" R .;
9.7°9 —1
IR —
|HH 1S
AR:ZA: TS SAAT 'k HHP RSATTYE HNA
HH#*

/

Boc
NH
racemic 10Aa

64675

09 +30000° T=401I84 NW
PhpRBEI=H3dW THIO0L

ZLLEOTE 8EZ” a8 155282

e e
9ZI8BT56 BLTT 9d  6ERLESY  6LETS
ECRE L] HLOIN  3dAL H3dH 14

L]
Hdd THHIIS:H ¢ 3714 HH3d
9@:EA:ZZ  98AZ "ZT HHP ELETT HHNNA

Had THHO IS 0% syead passadodd Sutaolg
T4 A301I34I0
WHE® THMOIS:H 0% Teufls SutJoys Jodu3

THHOIS 40, OH3

98" L
unm
] R S —

L14d1s
apteA:zZ 3082 ‘2T HMC SLATTH NNY

o 32T
O« 3
Qs
o Q
a g0
N mW nmm mw
SR=E -9
Adcm
s 235 Y
l.wwl
~5E2 g
TSESE
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HPLC Condition: Regis Pirckle Covalent (R, R) Whelk-O 1 Column, Hexane / IPA

=85/15, 1.0 ml-min’’,

Boc
NH O

racemic 10Ab

(-)-10Ab, 91% ee
derived from 9Ab (Product of
QD-1d catalyzed reaction)

mAL

VWD A, Wavelength=220 nm (WANGYIWY-14-15.0)
@

-]
]
600 L1 0
3
~
500
400
300
200
100
o
=100
] 5 10 15 min
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] (min) mAU *5 [mAU ] %
meoofeseees |- f-mmmee e |--o oo |-=emome- |
1 5.389 BV 0.1766 7760.27588 £52.31592 48.3264
2 7.345 VV 0.2386 8297.76758 511.93216 51.6736
Totals : 1.60580e4 1164.24808
VWD1 A, Wavelength=220 nm (WANGYIWVY-14-17.0)
mAU 3
et
i
600
400
200
| oy
| Bl
o
™~
0 i
0 5 10 15 min
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] maUT *s5 [mayu ] %
I EEEEEE et EEERE | oo omumnnm |--mcmeeee l-zmmmn-- \
1 5.405 vV 0.1756 9224.90430 798.40521 95.2762
2 7.532 WV 0.2238 457.36768 29.63161 4.7238
Totals 9EB2.27197 B2B.03683
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HPLC Condition: Daicel Chiralpak AS, Hexane / IPA =98/2,1.0 ml-min'l, 220 nm

VAND A, Wrmbeergthe= 230 nen (WANGYTONY-14-96.0)

maALl
5
300
Boc 2
AN
NH O 0
1%
100 N
2 -
50 s B
a
racemic 10Ac L I 1 7 z - = " -
Signal 1: VWDl A, Waveleagth=22
Peak RetTime Type 13 Area
F [min] 1 L]
B e L Eee |ommremrmen Jrmmmemes |
1 10.687 BY 0.5283 1449.13538 42.24953 4B.8540
2 12.251 vB 0.5687 1514.69287 41.20287 51.1060
Torals : 29631.82825 83.45240

VWD1 A, Wavelength=220 nm (WAMNGYIWY-14-20.D)

mAU
250
200
a8
(+)-10Ac, 92% ee i g
derived from 9Ac¢ (Product of Q-1d 100
catalyzed reaction) 50 8
L}
o i, . . |
1] 5 10 15 min
Signal 1: VWDl A, Wavelength=220 nm
peak RetTime Type Width Area Height Area
# [min] [min]l mAU  *s [mAU 1 %
1 10.150 VvV 0.4888 4064.66064 127.36127 95.7944
2 11.758 VvV 0.5512 178.44716 4.983920 4.2056
Totals : 4243.10780 132.35047
WVWD1 A, Wavelength=220 nm (WANGYIWWY-14-18.0)
mAU |
500
8
g
400 =
300
0
(-)-10Ac, 96% ee 20
derived from 9Ac (Product of QD-1d o0 .
catalyzed reaction) , s o
0 5 ) 1 ' 15 i
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU  *s [mAU ] %
WA [ P ommmmeees |ommmmnneas f--mmneee |
1 10.544 BV 0.5050 261.05579 7.83969 1.8134
2 11.756 VB 0.5987 1.41352e4 3168.69211 98.1866
Totals : 1.43963e4 376.53180
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