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I. General Information

All air sensitive manipulations were performed under a positive pressure of nitrogen using
Schlenk techniques. Solvents were degassed prior to use when necessary. Chloroform (AR) and
dichloromethane (AR) were purchased from Merck Mililipore and Fischer Scientific;
tetrahydrofuran (AR) and toluene from TEDIA Company, acetone from QREC (Asia) and 1,2-
dichloroethane (DCE) from Alfa Aesar. Solvents were used directly without further purification.
Low Temp PAIRSTIRRER PSL-1800 machine was used for controlling low temperatures for

reactions. Silica plug filtration was conducted on Merck silica gel 60 (0.040-0.063mm).

NMR spectra were recorded on Bruker ACF 400 spectrometers. *H NMR spectra chemical shifts
were reported in & ppm relative to tetramethylsilane (6 = 0.00 ppm) or chloroform (6 = 7.26
ppm). Multiplicities were given as: s (singlet), d (doublet), t (triplet), q (quartet) and m
(multiplet). The number of protons (n) for a given resonance was indicated by nH while
coupling constants were reported as J value in Hertz (Hz). B3¢ NMR spectra chemical shifts were
recorded relative to solvent resonance (CDCls: & = 77.23 ppm). **P{*H} NMR spectra chemical
shifts are referenced to an external standard of 85% H3PO,. Optical rotations of
monophosphine products were measured as soon as possible without inert gas protection in
the specified solution using a 0.1 dm cell at 23 °C with a Atago AP-300 polarimeter. Chiral
palladacycles (S)-3, (R)-3[1], (S)-4, (R)-4[2] and B,y-unsaturated a-ketoesters and amides 1% were

prepared according to literature methods.
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Caution! Perchlorate salts of metal complexes are potentially explosive and should be handled with care.
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II. Experimental Section

(1) General procedure for the palladacycle (4) catalyzed asymmetric hydrophosphination of

B,y-unsaturated a-ketoesters and amides (1) with diarylphosphines

' R)-4 cat. .
R/\)j\”/R + Ar,PH + EtsN R) R/'\)J\”/R - R/'\)ﬁ/

(0] ¢}

1 2

To a degassed 2-neck round bottom flask at room temperature was charged with
diarylphosphine (0.1 mmol, 1 equiv.), degassed chloroform (2.8 mL) and dichloromethane (0.4
mL). The solution was slightly agitated before introduction of (R)-4 (0.005 mmol, 5mol%) with
stirring to achieve complete dissolution. The setup was bought to -80 °C followed by addition of
1 (0.1 mmol, lequiv.) and dropwise addition of triethylamine (0.02 mmol, 0.2 equiv) in
chloroform (0.8 mL) over a period of 15 minutes. The reaction was stirred at -80 °C and its
progress monitored by *'P{*H} NMR. Upon completion, the setup is bought to room
temperature and the solvents removed via a vacuum pump. Degassed chloroform (10 mL) was
then added to dissolve the solids which have precipitated, before passing it through a silica plug
in a Pasteur pipette into a separate degassed 2-neck flask in order to remove (R)-4 as well as
phosphine oxides (if any). The filtrate is then subject to solvent strip under reduced pressure to
afford the desired product. Enantiomeric excess (ee) is determined from the *'P{*"H} NMR
integration signals of diastereomers arising from the treatment of 2 and 3 with (R)-6 and/or (S)-

6.
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(2) Determination of enantiomeric excess (ee)

The obtained adducts 2 and 3 were allowed to react with enantiopure dimeric complex (R)-6
(0.51 equiv) in degassed chloroform to form derivatives 7 (keto) and 8(enol). Enantiomeric
excess (ee %) was then determined from the *P{*H} NMR spectrum of the integral ratios of

respective diastereomers.
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PAr, O PAr, O N g o
H , , Pd o Pd o]
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l i /Pd% (R.S)-7 (RR)-7
OO 2

e ./ ~ 4 o
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(R,S)-8 (R.R)-8

| [(R,S)-7 + (R,9)-8] - [(RR)-7 + (R,R)-8]
| (R,S)-7 + (R,9)-8] + [(R,R)-7 + (R,R)-8]

In order to determine the absolute configuration, a mixture of 7 and 8 was purified by flash
chromatography on silica gel to afford only 2 products. The major product was recrystallized
from ethyl acetate/pentane to afford yellow prisms. Single crystal X-ray show that instead of
the expected structure of either (R,S)-7a or (R,S)-8a, a phosphine-enolate chelate (R,S)-9a is
formed instead.” Our studies revealed that the elimination of a molecule of HCl to give 9

occurs during silica gel purification.
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¢ Re-coordination Experiment: Determination of positions of (R,S)-7a and (R,S)-8a

To determine the chemical shifts of (R,S)-7a and (R,S)-8a on the *'P{*H} NMR spectrum, (R,S)-9a
(6 = 63.82 ppm) was treated with agueous KCN (in degassed water) and stirred vigourously at
room temperature for 2.5 hours to give (S)-2 and 3. Solution is extracted trice with DCM before
re-coordiation with (R)-6. Subsequent 31p{*H} NMR of the mixture confirms that the chemical

shifts of (R,S)-7a and (R,S)-8a are 49.23ppm and 45.77ppm respectively.

- After treatment of adducts 2 and 3 with (R)-6

30102013 (BBFD2) 1 1 "Z:\EBFOZ 400\cbc\ProfLeung\Febl4" RJC
Scale : 7.04

- Major product (R,S)-9a from silica gel purification

31102013(400) 1 1 Z:\AV400\cbc\Profleung\Febl4 RIC

(R,S)-9a
[63.82 ppml

Iy

- Treatment of (R,S)-9a with KCN followed by reactioniwith (R)-6

31102013 (400) & 1 Z:\AV400\chc\Profleung\Febls RIC
Scale : 1.639
(R,S)-7a
[49.23 ppm]

impurity

‘ (RIS)'sa
[45.77 ppm]
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¢ Coordination of 2 and 3 with (§)-6: Determination of positions of R-stereoisomers

The re-coordination study allowed us to determine the positions of the S stereoisomers (major).
By comparison of NMR spectra derived from the coordination 2 and 3 with (S)-6 instead of (R)-6,

we are able to confirm the positions of the R stereocisomers (minor).

- After treatment of adducts 2 and 3 with (R)-6

(RR)-8a  (RS)-8a
X

(R,S)-7a (R,R)-7a

- After treatment of adducts 2 and 3 with (S)-6

(S,R)-7a (5,5)-7a

. e L N e R
(4 B o5 G0 i 4o a6 a0 25 PR

(5,5)-8a (S,R)-8a
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(3) Synthesis and Characterization

PPh, O PPh, OH
OMe 7 OMe
(@] o
(S)-2a (S)-3a

(5)-2a was prepared according to general procedure (36.9 mg, 98% yield [7% as (S)-3a], 81% ee):
[a]p? = -155.6° [c 0.5, CHCI5]. *'P{*H} (CDCls, 162 MHz): 6 0.12 [(S)-2a], 3.66 [(S)-3a]; 'H (CDCls,
400 MHz): § 2.92-2.99 (m, 1H), 3.42-3.51 (m, 1H), 3.64 (s, 3H), 4.05-4.10 (m, 1H), 7.03-7.59 (m,
15H); 3C (CDCls, 101 MHz): & 39.7 (d, 1C, %Jep = 14 Hz), 43.4 (d, 1C, Yep = 22 Hz), 53.1 (s, 1C),
126.9-139.9 (m, 18C), 161.1 (d, 1C, “Jcp = 3 Hz), 192.2 (d, 1C, *Jcp = 12 Hz).

- Treatment of (S)-2a and (S)-3a with (R)-6

49,22
—_—i5 TR
—_— 0

4

(R,S)-7a

(R,S)-8a (R,R)-7a

\

—

T T T T T T T T T T
(=1 S0 55 S50 a5 a0 as 30 25 PP

B AA &
- Treatment of (S)-2a and (S)-3a with (S)-6
(5,5)-7a
(S,R)-7a (S,5)-8a
|
ET -
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PPh, O PPh, OH
- OMe N OMe

o} o)
(R)-2a (R)-3a

(R)-2a was prepared according to general procedure with the exception that (S)-4 was
employed (36.9 mg, 98% vield [9% as (R)-3a), 77% ee): [a]p>> = +134.2°[c 0.4, CHCl5]. *'P{*H}
(CDCl3, 162 MHz): 6 0.07 [(R)-2a], 3.63 [(R)-3a]; 'H (CDCl3, 400 MHz): § 2.92-2.99 (m, 1H), 3.43-
3.51 (m, 1H), 3.64 (s, 3H), 4.05-4.15 (m, 1H), 7.03-7.59 (m, 15H); B¢ (CDCl3, 101 MHz): 6 39.7 (d,
1C, %Jep = 13 Hz), 43.4 (d, 1C, Yep = 23 Hz), 53.1 (s, 1C), 126.9-139.9 (m, 18C), 161.1 (d, 1C, “Jep =

3 Hz), 192.2 (d, 1C, *Jep = 13 Hz).

- Treatment of (R)-2a and (R)-3a with (R)-6

—ilu

(R,R)-7a

(R,S)-7a (R,R)-8a

Y

T T T T T T T
65 60 55 so a5 a0 35 30

- Treatment of (R)-2a and (R)-3a with (S)-6

49,2
—i5n
40,9

(S,R)-7a

(SR)-8a (S,5)-7a

l/

T
25

1
PPRm

T T T T T T T T
65 60 55 S50 a5 a0 35 30

T
25



PPh, O PPh, OH
o) 0O
(S)-2b (S)-3b
(5)-2b was prepared according to general procedure (39.9 mg, 98% vyield [6% as (S)-3a], 83% ee):
[a]p®® = -137.9°[c 0.4, CHCl5]. 3'P{*H} (CDCl3, 162 MHz): 6 0.29 [(S)-2b], 3.98 [(S)-3b]; *H (CDCls,
400 MHz): 6 1.14 (d, 3H, *Juy = 4 Hz), 1.15 (d, 3H, *Juy = 4 Hz), 2.91-2.96 (m, 1H), 3.41-3.48 (m,
1H), 4.05-4.09 (m, 1H), 4.86-4.93 (m, 1H), 7.03-7.58 (m, 15H); °C (CDCls, 101 MHz): & 21.7 (s,

2C), 39.8 (d, 1C, Y = 10 Hz), 43.2 (d, 1C, Y = 18 Hz), 70.9 (s, 1C), 126.9-139.9 (m, 18C), 160.4
(d, 1C, “Jp = 2 Hz), 193.1 (d, 1C, *Jcp = 10 Hz).

—49.15
4
—44.25
o

(R,5)-7b

(R,5)-8b (R,R)-7b

65 60 55 50 45 40 35 30 25 ppm
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PPh, O PPh, OH
OMe 7 OMe

(S)-2c (S)-3c

(5)-2c was prepared according to general procedure (38.6 mg, 98% yield [7% as (S)-3c], 83% ee):
[a]p™® = -140.4° [c 0.4, CHCI5]. *'P{"H} (CDCls, 162 MHz): § -0.17 [(S)-2c], 3.66 [(S)-3c]; "H (CDCls,
400 MHz): § 2.91-2.98 (m, 1H), 3.39-3.47 (m, 1H), 3.65 (s, 3H), 4.04-4.07 (m, 1H), 6.75-7.58 (m,
14H); *°F (CDCls, 377 MHz): & -115.82 (d, 1F, ®Jgp = 4 Hz) [(S)-2¢], -116.3 (d, 1F, ®Jrp = 4 Hz) [(S)-3¢];
3¢ (cDCl5, 101 MHz): & 38.9 (d, 1C, Y = 13 Hz), 43.4 (d, 1C, Yep = 23 Hz), 53.1 (s, 1C), 115.3-
135.9 (m, 18C), 161.0 (d, 1C, “Jep = 3 Hz), 192.1 (d, 1C, *Jcp = 13 Hz).

49,19

—45, 0
et ERL 1

(R,S)-7c

(R,S)-8¢c (R,R)-7c

65 60 55 50 45 40 35 30 25 ppm
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PPh,O PPh, OH
OMe = OMe

cl cl
(S)-2d (S)-3d

(5)-2d was prepared according to general procedure (40.3 mg, 98% vyield [6% as (S)-3d], 94% ee):

[a]p®® = -211.6°[c 0.5, CHCl3]. *'P{*H} (CDCl3, 162 MHz): 6 0.00 [(S)-2d], 3.83 [(S)-3d]; *H (CDCls,

400 MHz): § 2.91-2.99 (m, 1H), 3.38-3.47 (m, 1H), 3.66 (s, 3H), 4.02-4.07 (m, 1H), 7.00-7.56 (m,

14H); 3C (CDCls, 101 MHz): & 39.1 (d, 1C, %Jep = 13 Hz), 43.3 (d, 1C, Yep = 22 Hz), 53.2 (s, 1C),

128.3-138.6 (m, 18C), 161.0 (d, 1C, *Jcp = 3 Hz), 192.0 (d, 1C, *Jcp = 13 Hz).

—da.0
—45.71
—4&3.78
—0,7E

(R,5)-7d

(R,S)-8d (R,R)-7d

17.57

S11



PPh, O PPh, OH
cl OMe Cl ___OMe

(S)-2e (S)-3e

(5)-2e was prepared according to general procedure (40.3 mg, 98% vield [10% as (S)-3e], 85%
ee): [a]p? = -258.8° [c 0.4, CHCl5]. *'P{*H} (CDCls, 162 MHz): & 0.45 [(S)-2e], 4.38 [(S)-3e]; *H
(CDCls, 400 MHz): § 2.94-3.00 (m, 1H), 3.39-3.48 (m, 1H), 4.02 (s, 3H), 4.01-4.05 (m, 1H), 6.96-
7.57 (m, 14H); *C (CDCls, 101 MHz): § 39.4 (d, 1C, *Jep = 14 Hz), 43.2 (d, 1C, YJep = 23 Hz), 53.2 (s,
1C), 127.1-142.2 (m, 18C), 161.0 (d, 1C, “Jep = 2 Hz), 191.9 (d, 1C, *Jep = 12 Hz).

—_—, 15
—d6 .30

(R,S)-7e

(R,S)-8e (R,R)-7e

_J||_._ J_l Ay

65 60 55 50 45 40 35 30 25 ppm
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PPh,O PPh, OH
OMe 7 OMe

Br Br

(S)-2f (S)-3f
(5)-2f was prepared according to general procedure (45.1 mg, 99% vyield [5% as (S)-3f], 87% ee):
[a]o®® = -160.3°[c 0.4, CHCI5]. *'P{*H} (CDCls, 162 MHz): & 0.05 [(S)-2f], 3.82 [(S)-3f]; *H (CDCls,
400 MHz): & 2.91-2.98 (m, 1H), 3.38-3.46 (m, 1H), 3.66 (s, 3H), 4.01-4.06 (m, 1H), 6.95-7.56 (m,
14H); 3C (CDCls, 101 MHz): & 39.2 (d, 1C, %Jep = 14 Hz), 43.2 (d, 1C, Yep = 23 Hz), 53.2 (s, 1C),
120.7-139.2 (m, 18C), 161.1 (d, 1C, “Jcp = 2 Hz), 192.0 (d, 1C, *Jcp = 13 Hz).

—41i .96
—— 45 63
—41,72

—40.7

(R,S)-7f

(R,S)-8f (R,R)-7f

65 60 55 50 45 40 35 3o 25 ppm
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PPh, O PPh, OH
OMe 7 OMe

FsC FsC
(8)-29 (S)-3¢9

(5)-2g was prepared according to general procedure (43.5 mg, 98% yield [10% as (S)-3g], 90%
ee): [a]p®® = -92.7° [c 0.4, CHCl5]. *'P{*H} (CDCl3, 162 MHz): & 0.78 [(S)-2g], 4.33 [(S)-3g]; ‘H
(CDCls, 400 MHz): 6 2.97-3.04 (m, 1H), 3.45-3.54 (m, 1H), 3.67 (s, 3H), 4.11-4.16 (m, 1H), 7.05-
7.56 (m, 14H); *F (CDCl3, 377 MHz): 6 -62.49 [(S)-2¢], -62.76 [(S)-3¢c]; *C (CDCls, 101 MHz): &
39.5 (d, 1C, %Jep = 15 Hz), 43.1 (d, 1C, YJep = 21 Hz), 53.2 (s, 1C), 125.5-135.4 (m, 19C), 161.0 (d,
1C, “Jp = 3 Hz), 191.8 (d, 1C, *Jcp = 12 Hz).

—a0,20
—— &6, 00
— 44,16

(RIS)_7g

il S L
T T T T T T T T T 1
65 60 55 50 45 40 35 30 25 ppm
i oHE
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PPh, O PPh, OH
OMe P~ OMe

O,N O2N

(S)-2h (S)-3h
(5)-2h was prepared according to general procedure (41.3 mg, 98% vyield [6% as (S)-3h], 89% ee):
[a]p”™® = -133.9°[c 0.4, CHCl5]. *'P{*H} (CDCls, 162 MHz): & 1.64 [(S)-2h], 6.07 [(5)-3h]; 'H (CDCls,
400 MHz): & 3.02-3.10 (m, 1H), 3.47-3.56 (m, 1H), 3.68 (s, 3H), 4.16-4.21 (m, 1H), 7.07-7.94 (m,
14H); 3C (CDCls, 101 MHz): & 39.8 (d, 1C, %Jep = 16 Hz), 42.9 (d, 1C, Yep = 21 Hz), 53.3 (s, 1C),
123.7-148.2 (m, 18C), 160.9 (d, 1C, “Jcp = 2 Hz), 191.6 (d, 1C, *Jcp = 13 Hz).

—40. 74

—49.60
— 46,67

(R,5)-7h

(R,5)-8h (R,R)-7h

L/

65 60 55 50 45 40 35 30 25 ppm
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PPh,O PPh, OH
OMe = OMe

Me Me

(S)-2i (S)-3i
(5)-2i was prepared according to general procedure (38.3 mg, 98% yield [9% as (S)-3i], 71% ee):
[a]p>® = -135.4°[c 0.4, CHC3]. *'P{"H} (CDCls, 162 MHz): & -0.42 [(5)-2i], 2.65 [(S)-3i]; 'H (CDCls,
400 MHz): 6 2.16 (s, 3H), 2.89-2.96 (m, 1H), 3.37-3.46 (m, 1H), 3.63 (s, 3H), 4.02-4.07 (m, 1H),
6.88-7.57 (m, 14H); *C (CDCls, 101 MHz): & 21.2 (s, 1C), 39.2 (d, 1C, %Jep = 13 Hz), 43.6 (d, 1C,
YJep = 22 Hz), 53.0 (s, 1C), 128.2-136.7 (m, 18C), 161.1 (d, 1C, “Jep = 3 Hz), 192.3 (d, 1C, *Jep = 13

Hz).

18,95

B
—45.17
— 41,82

o

(R,S)-7i

(RS)-8i  (R,R)-7i

65 60 55 50 35 30 25 ppm
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PPh, O PPh, OH
OMe 7 OMe

MeO MeO
(S)-2i (S)-3]

(5)-2j was prepared according to general procedure (37.8 mg, 93% vyield [5% as (S)-3j], 78% ee):
[a]p?® = -158.2° [c 0.4, CHCl5]. *'P{*H} (CDCl3, 162 MHz): & -0.67 [(S)-2j], 2.56 [(S)-3j]; *H (CDCl,
400 MHz): & 2.88-2.95 (m, 1H), 3.36-3.45 (m, 1H), 3.64 (s, 3H), 3.65 (s, 3H), 4.00-4.05 (m, 1H),
6.62-7.57 (m, 14H); 3C (CDCl3, 101 MHz): & 38.8 (d, 1C, Ycp = 13 Hz), 43.6 (d, 1C, Ycp = 23 Ha2),
53.1 (s, 1C), 55.4 (s, 1C), 114.0-158.5 (m, 18C), 161.1 (d, 1C, “Jp = 3 Hz), 192.4 (d, 1C, *Jcp = 13
Hz).

5.4
—_—E. 0
— 43 .45

(RIS)_7j

(R,5)-8j  (R,R)-7j

65 60 55 50 45 40 35 30 25 ppm
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PPh,O PPh, OH
OMe = OMe

N™ NTX
- o} L o)

(S)-2k (S)-3k
(5)-2k was prepared according to general procedure (34.0 mg, 90% yield [7% as (S)-3k], 84% ee):
[a]p®® = -157.7°[c 0.4, CHCl5]. **P{*H} (CDCls, 162 MHz): & 0.36 [(S)-2k], 4.45 [(S)-3k]; *H (CDCls,
400 MHz): & 3.00-3.08 (m, 1H), 3.44-3.53 (m, 1H), 3.69 (s, 3H), 4.06-4.11 (m, 1H), 7.02-8.28 (m,
14H); *C (CDCls, 101 MHz): & 36.9 (d, 1C, %Jep = 15 Hz), 42.9 (d, 1C, Yep = 23 Hz), 53.3 (s, 1C),

123.43-136.5 (m, 17C), 160.9 (d, 1C, “Jcp = 3 Hz), 191.7 (d, 1C, *Jcp = 13 Hz).

49.4
—41,62
—a40, 78

(R,S)-7k
(R,S)-8k (R,R)-7k
S S st
I 65 60 55 50 45 S 35 30 25 ppml
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PPh, O PPh, OH
s OMe s __OMe

\ o \ o

(S)-2I (S)-3
(5)-21 was prepared according to general procedure (35.9 mg, 94% yield [5% as (S)-3l], 65% ee):
[a]o®® = -67.9° [c 0.4, CHCl5]. *'P{*H} (CDCl3, 162 MHz): § 0.71 [(S)-2I], 4.32 [(S)-31]; H (CDCls, 400
MHz): § 2.93-3.00 (m, 1H), 3.37-3.45 (m, 1H), 3.68 (s, 3H), 4.41-4.43 (m, 1H), 6.66-7.55 (m, 13H);
13C (CDCl5, 101 MHz): & 34.8 (d, 1C, Y = 14 Hz), 44.7 (d, 1C, Yep = 23 Hz), 53.2 (s, 1C), 124.4-
143.4 (m, 16C), 161.0 (d, 1C, *Jep = 3 Hz), 191.8 (d, 1C, *Jep = 12 Hz).

—_—E0, 11
—_— R
—45 .36

40.70

(R,S)-7I

(R,S)-81 (R,R)-7I

T
65 60 55 50 45 40 35 3o 25 ppm
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(5)-2a’ was prepared according to general procedure (39.6 mg, 98% vyield [4% as (S)-3a’], 66%
ee): [alp> = -194.6° [c 0.5, CHCl5]. *'P{'"H} (CDCl3, 162 MHz): & -0.44 [(S)-2a’], 2.20 [(S)-3a’]; 'H
(CDCls, 400 MHz): & 2.16 (s, 3H), 2.29 (s, 3H), 2.89-2.96 (m, 1H), 3.39-3.47 (m, 1H), 3.63 (s, 3H),
4.01-4.06 (m, 1H), 6.85-7.46 (m, 13H); 3C (CDCl3, 101 MHz): & 21.4 (s, 1C), 21.6 (s, 1C), 39.8 (d,
1C, *Jep = 13 Hz), 43.5 (d, 1C, Yep = 23 Hz), 53.0 (s, 1C), 126.8-140.2 (m, 18C), 161.1 (d, 1C, *Jep =
2 Hz), 192.4 (d, 1C, *Jep = 12 Hz).

— 48,08
—44 66
— 43,04

(R,S)-7a’

(R,5)-8a’ (R,R)-7a’

65 60 55 50 45 40 35 30 25 ppm
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(5)-2d’ was prepared according to general procedure (43.4 mg, >99% vyield [4% as (S)-3d’], 71%
ee): [a]p*® = -150.0°[c 0.5, CHCI3]. **P{*H} (CDCl3, 162 MHz): & -1.53 [(S)-2d"], 2.39 [(S)-3d’]; 'H
(CDCls, 400 MHz): & 2.17 (s, 3H), 2.29 (s, 3H), 2.89-2.95 (m, 1H), 3.34-3.43 (m, 1H), 3.65 (s, 3H),
3.98-4.03 (m, 1H), 6.89-7.45 (m, 12H); *C (CDCl3, 101 MHz): § 21.4 (s, 1C), 21.6 (s, 1C), 39.2 (d,
1C, %Jep = 14 Hz), 43.3 (d, 1C, Yep = 22 Hz), 53.1 (s, 1C), 128.7-140.2 (m, 18C), 161.0 (d, 1C, “Jep =

3 Hz), 192.2 (d, 1C, *Jep = 13 Hz).

—_— k6
— 42,81

(R,S)-7d’

(R,S)-8d" R,R)-7d’

T
65 60 55 50 45 40 35 30 25 ppm
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(5)-2i’ was prepared according to general procedure (41.0 mg, 98% yield [6% as (S)-3i’], 70% ee):
[a]p”® = -107.1° [c 0.5, CHCI3]. *'P{'"H} (CDCl3, 162 MHz): & -2.00 [(S)-2i’], 1.11 [(S)-3¥']; *H (CDCl5,
400 MHz): 6 2.16 (s, 6H), 2.29 (s, 3H), 2.87-2.93 (m, 1H), 3.33-3.41 (m, 1H), 3.63 (s, 3H), 3.99-
4.04 (m, 1H), 6.87-7.45 (m, 12H); **C (CDCl5, 101 MHz): 6 21.2 (s, 1C), 21.4 (s, 1C), 21.6 (s, 1C),
39.3 (d, 1C, Y = 13 Hz), 43.7 (d, 1C, Y = 22 Hz), 53.0 (s, 1C), 129.0-140.0 (m, 18C), 161.1 (d,
1C, “Jcp = 2 Hz), 192.5 (d, 1C, *Jcp = 12 Hz).

—_—T, B
— 44,24
— 42,8

(R,5)-7¢

(R,S)-87  (R,R)-7

65 60 55 50 45 40 35 3o 25 ppm
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(S)-2k’ (S)-3K’

(5)-2k’ was prepared according to general procedure (40.1 mg, >99% vyield [10% as (S)-3k’], 75%
ee): [a]p”® = -84.4°[c 0.5, CHCls]. *'P{*H} (CDCls, 162 MHz): & -1.07 [(S)-2k’], 3.09 [(S)-3k’]; ‘H
(CDCls, 400 MHz): & 2.17 (s, 3H), 2.30 (s, 3H), 2.97-3.05 (m, 1H), 3.40-3.49 (m, 1H), 3.67 (s, 3H),
4.01-4.06 (m, 1H), 6.89-8.27 (m, 12H); **C (CDCl3, 101 MHz): 6 21.4 (s, 1C), 21.6 (s, 1C), 37.0 (d,
1C, %Jep = 15 Hz), 43.0 (d, 1C, Yep = 22 Hz), 53.2 (s, 1C), 129.3-150.7 (m, 17C), 161.0 (d, 1C, “Jep =
3 Hz), 191.9 (d, 1C, *Jep = 12 Hz).

48,31
42,76

(R,5)-7K’

(R,R)-7K’
— ]
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PPh, O PPh, OH
NEt, A __NEt,

(0] @)
(S)-2aa (S)-3aa

(5)-2aa was prepared according to general procedure (39.7 mg, 95% yield [<1% as (S)-3aa], 70%
ee): [a]p> = -200.0° [c 0.5, CHCl5]. **P{*H} (CDCls, 162 MHz): & -5.45 [(S)-2aa], 1.14 [(S)-3aa]; *H
(CDCl3, 400 MHz): 8 0.77 (t, 3H, *Jun = 7Hz), 0.98 (t, 3H, *Jyy = 7Hz), 2.39-2.46 (m, 2H), 3.09-3.25
(m, 4H), 3.64 (s, 3H), 4.07-4.11 (m, 1), 7.00-7.62 (m, 15H); *C (CDCl3, 101 MHz): § 12.6 (s, 1C),
14.1 (s, 1C), 39.6 (d, 1C, Y = 14 Hz), 39.6 (s, 1C), 41.5 (s, 1C), 43.8 (d, 1C, Yep = 22 Hz), 126.9-
139.9 (m, 18C), 166.2 (d, 1C, *Jep = 1 Hz), 199.8 (d, 1C, *Jep = 13 Hz).

24012014 {(BEBFO2,1) i113ohrs 31P

(R} -CP cat [Smol¥%], -80dC; ee(R)
a-diethylamide-b, y-unsaturated ketone, E=Ph
concla b
[worked upl -

55

49,37
—d4,45
— 40,77

(R,S)-7aa

(R,R)-7aa

65 60 55 50 45 40 35 30 25 ppm
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IV. NMR Spectra
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V. Single crystal X-Ray diffraction data

Figure 1. Molecular structure and absolute stereochemistry of adduct (R,5)-9a with 50%
thermal ellipsoids shown. Hydrogen atoms except those on the chiral centre are omitted for
cIarity.Ml
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Table 1. Crystal data and structure refinement for (R,S)-9a

Identification code leung765s

Chemical formula C;37H36NOsPPd

Formula weight 680.04

Temperature 103(2) K

Wavelength 0.71073 A

Crystal size 0.160 x 0.240 x 0.400 mm
Crystal habit yellow block

Crystal system orthorhombic

Space group P 212121

Unit cell dimensions a=10.06410(10) A 0 =90°
b=11.79752)A  B=90°
c=26.19204) A  y=90°

Volume 3109.81(8) A’

V/ 4

Density (calculated) 1.452 g/em’

Absorption coefficient  0.686 mm™

F(000) 1400

Iheta range for dat@ 5 45 1031.03°

Index ranges -14<=h<=10, -17<=k<=17, -37<=1<=37

Reflections collected 29841
Independent reflections 9892 [R(int) = 0.0362]

Coverage of independent

()
reflections 99.3%
Absorption correction  multi-scan

Max. and min. 0.8980 and 0.7710

transmission
Refinement method Full-matrix least-squares on F2
Refinement program SHELXL-2013 (Sheldrick, 2013)
Function minimized > w(Fo2 - Fc2)2
Il?:rt: J restraints/ 9892 /0 /392
Goodness-of-fit on F2 1.026
A/omax 0.001
9465 data;

Final R indices R1=10.0260, wR2 =0.0573

>20(1)
alldata  RI1=0.0278, wR2 = 0.0583
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w=1/[6*(F,’)+(0.0241P)*+0.8635P]

Weighting scheme where P=(F02 +2F02) /3

Absolute structure

parameter -0.0(0)
Largest diff. peak and 0.455 and -0.728 cA-
hole
R.M.S. deviation from 0.064 A
mean
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