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General Information: Commercial reagents were used as received, unless otherwise stated.
Merck 60 silica gel was used for chromatography, and Whatman silica gel plates with
fluorescence F,s; were used for thin-layer chromatography (TLC) analysis. 'H and "C
NMR spectra were recorded on Broker Avance 500, and tetramethylsilane (TMS) was used
as a reference. Data for 'H are reported as follows: chemical shift (ppm), and multiplicity
(s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet). Data for °C NMR are
reported as ppm. Mass Spectra were obtained from Ohio State University Mass Spectral
facility.

General Procedure for addition of silyl enol ethers to unsaturated aldehydes: A mixture
of an aldehyde (1 equiv.) in the presence of 30 mol % chiral amine | and DNBA in 0.5 mL of
t-BuOH and i-PrOH (5/1, v/v) was stirred at rt for 10 min, then 5 equiv. of silyl enol ether
was added and stirred for 4-18 h at rt or 0 °C. The solution was concentrated in vacuo.
The resulting residue was then purified by silica gel chromatography and fractions were
collected and concentrated in vacuo to provide the desired product.

O Ph O

HM\APh

(R)-5-Ox0-3,5-diphenyl-pentanal (Table 2, entry 1): Yield: 75%; 'H NMR (500 MHz,
CDCLy): 8 9.62 (s, 1H), 7.83 (d, 2H, J = 8.0 Hz), 7.12-7.48 (m, 8H), 3.90 (m, 1H), 3.27 (d, 2H,
J=7.0 Hz), 2.71-2.86 (m, 2H); *C NMR (125 MHz, CDCls): & 201.1, 198.1, 143.2, 136.7,
133.2, 128.8, 128.6, 128.0, 127.4, 126.9, 49.5, 44.9, 35.3; [a]D25= + 1.4 (c = 0.5, CHCly);
HPLC (Daicel CHIRALPAK AS-H, Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, A = 254
nm); tg = 17.66 (minor), 19.71 (major) min.

O Ph O

H X

= Br

(R)-5-(4-Bromophenyl)-5-oxo-3-phenyl-pentanal (Table 2, entry 2): Yield: 58%; '"H NMR
(500 MHz, CDCl): 6 9.71 (d, 1H, J = 1.6 Hz), 7.76 (d, 2H, J = 8.6 Hz), 7.57 (d, 2H, J = 8.6
Hz), 7.20-7.32 (m, 5H), 3.95 (m, 1H), 3.30 (d, 2H, J = 7.0 Hz), 2.79-2.94 (m, 2H); °C NMR
(125 MHz, CDCls): 6 200.9, 197.1, 142.9, 135.4, 131.9, 129.5, 128.8, 128.4, 127.3, 127.0,
49.5, 44.8, 353. [a]p” = + 4.7 (¢ = 1.0, CHCl;); HPLC (Daicel CHIRALPAK AS-H,
Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, A = 254 nm); tg = 20.99 (minor), 23.84
(major) min.

O Ph O

H N

=

(R)-5-Ox0-3-phenyl-5-p-tolyl-pentanal (Table 2, entry 3): Yield: 62%; 'H NMR (500 MHz,
CDCls): 6 9.69 (s, 1H), 7.81 (d, 2H, J = 8.1 Hz), 7.19-7.31 (m, 7H), 3.97 (m, 1H), 3.31 (d, 2H,
J=17.3 Hz), 2.77-2.93 (m, 2H), 2.39 (s, 3H); °C NMR (125 MHz, CDCl3): § 201.2, 197.7,
144.1, 143.2, 134.3, 129.3, 128.8, 128.1, 127.3, 126.9, 49.5, 44.8, 35.4, 21.6. [a]p> =+ 4.1 (c
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= 1.0, CHCIl;); HPLC (Daicel CHIRALPAK AS-H, Hexane/2-PrOH = 90:10, flow rate 1.0
ml/ min, A =254 nm); tg = 16.50 (minor), 17.55 (major) min.

O I;’h O

Z>oMe

(R)-5-(4-Methoxyphenyl)-5-oxo0-3-phenyl-pentanal (Table 2, entry 4): Yield: 56%; 'H
NMR (500 MHz, CDCls): 6 9.70 (s, 1H), 7.89 (d, 2H, J= 8.5 Hz), 7.19-7.32 (m, 5H), 6.90 (d,
2H, J = 8.5 Hz), 3.96 (m, 1H), 3.85 (s, 3H), 3.28 (d, 2H, J = 6.9 Hz), 2.78-2.93 (m, 2H); "°C
NMR (125 MHz, CDCl3): 6 201.3, 196.6, 163.6, 143.3, 130.3, 129.8, 128.8, 127.4, 126.9,
113.7, 55.4, 49.5, 44.6, 35.5. [a]p> = + 4.0 (¢ = 1.0, CHCl;); HPLC (Daicel CHIRALPAK
AS-H, Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, A = 254 nm); tg = 35.75 (minor),
38.15 (major) min.

(R)-3-(4-Fluorophenyl)-5-oxo-5-p-tolyl-pentanal (Table 2, entry 5): Yield: 71%; '"H NMR
(500 MHz, CDCl3): 8 9.69 (s, 1H), 7.80 (d, 2H, J = 8.1 Hz), 7.22-7.26 (m, 4H), 6.98 (t, 2H, J
= 8.6 Hz), 3.97 (m, 1H), 3.29 (d, 2H, J = 7.0 Hz), 2.76-2.93 (m, 2H), 2.40 (s, 3H); °C NMR
(125 MHz, CDCl3): 6 200.8, 197.5, 162.6, 160.6, 144.2, 138.9, 134.2, 129.3, 128.9, 128.8,
128.1, 115.6, 115.5, 49.7, 44.8, 34.7, 21.6. [a]p> = + 2.5 (¢ = 1.0, CHCl;); HPLC
(CHIRALCEL OlJ-H, Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, A = 254 nm); tg =
45.13 (minor), 48.47 (major) min.

OMe

(R)-3-(4-Fluorophenyl)-5-(4-methoxyphenyl)-5-oxo-pentanal (Table 2, entry 6): Yield:
63%; "H NMR (500 MHz, CDCLy): & 9.62 (s, 1H), 7.81 (d, 2H, J = 9.0 Hz), 7.06 (q, 2H, J =
5.4 Hz, J = 8.4 Hz), 6.90 (t, 2H, J = 8.6 Hz), 6.83 (d, 2H, J = 8.8 Hz), 3.88 (m, 1H), 3.80 (s,
3H), 3.18 (d, 2H, J = 7.0 Hz), 2.68-2.86 (m, 2H); °C NMR (125 MHz, CDCl3): & 200.9,
196.4, 163.6, 162.5, 160.6, 139.0, 130.3, 129.7, 128.9, 128.8, 115.6, 115.5, 113.7, 55.4, 49.7,
44.5, 347. [alp® = + 5.7 (¢ = 1.0, CHCL); HPLC (Daicel CHIRALPAK AS-H,
Hexane/2-PrOH = 85:15, flow rate 1.0 ml/ min, A = 254 nm); tg = 35.05 (major), 42.22
(minor) min.
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(R)-4-[3-Oxo0-1-(2-0xo0-ethyl)-3-phenyl-propyl]-benzonitrile (Table 2, entry 7): Yield:
59%; 'H NMR (500 MHz, CDCls): & 9.72 (s, 1H), 7.90 (d, 2H, J = 7.5 Hz), 7.41-7.60 (m,
7H), 4.05 (m, 1H), 3.38 (m, 2H), 2.85-3.01 (m, 2H); *C NMR (125 MHz, CDCl3): & 199.7,
197.2,136.3, 133.4, 132.5, 128.7, 128.3, 127.9, 118.6, 110.7, 49.1, 44.0, 35.0. [a]p” =+ 17.4
(c =1.0, CHCIl3); HPLC (CHIRALCEL OJ-H, Hexane/2-PrOH = 60:40, flow rate 0.7 ml/ min,
A =254 nm); tg = 37.60 (minor), 41.58 (major) min.

CN

O O

= OMe

(R)-4-[3-(4-Methoxyphenyl)-3-ox0-1-(2-oxo-ethyl)-propyl]-benzonitrile (Table 2, entry
8): Yield: 61%; 'H NMR (500 MHz, CDCl3): & 9.71 (s, 1H), 7.88 (d, 2H, J = 8.8 Hz), 7.59 (d,
2H, J = 8.2 Hz), 7.40 (d, 2H, J = 8.2 Hz), 6.91 (d, 2H, J = 8.8 Hz), 4.03 (m, 1H), 3.86 (s, 3H),
3.31 (m, 2H), 2.83-3.00 (m, 2H); *C NMR (125 MHz, CDCl3): & 199.8, 195.7, 163.8, 149.0,
132.5,130.3, 129.5, 128.4, 118.7, 113.8, 110.7, 55.5, 49.2, 43.7, 35.3. [oc]D25= +26.4(c=1.0,
CHCIl3); HPLC (CHIRALCEL OlJ-H, Hexane/2-PrOH = 60:40, flow rate 0.7 ml/ min, A =
254 nm); tg = 71.74 (minor), 92.92 (major) min.

OMe

OMe
(R)-3,5-Bis-(4-methoxyphenyl)-5-oxo-pentanal (Table 2, entry 9): Yield: 63%; 'H NMR
(500 MHz, CDCl3): 8 9.68 (t, 1H, J = 1.7 Hz), 7.90 (d, 2H, J = 8.9 Hz), 7.18 (d, 2H, J = 8.7
Hz), 6.91 (d, 2H, J = 8.9 Hz), 6.83 (d, 2H, J = 8.7 Hz), 3.92 (m, 1H), 3.85 (s, 3H), 3.77 (s,
3H), 3.25 (d, 2H, J = 7.0 Hz), 2.73-2.91 (m, 2H); *C NMR (125 MHz, CDCL): & 201.4,
196.7, 163.5, 158.3, 135.2, 130.3, 129.9, 128.3, 114.1, 113.7, 55.4, 55.2, 49.7, 44.8, 34.8.
[a]p” =+ 3.6 (c = 1.0, CHCl;); HPLC (Daicel CHIRALPAK AS-H, Hexane/2-PrOH = 60:40,
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flow rate 0.7 ml/ min, A = 254 nm); tg = 59.20 (minor), 68.93 (major) min.

(R)-3-Methyl-5-oxo-5-p-tolyl-pentanal (Table 2, entry 10): Yield: 60%; 'H NMR (500
MHz, CDCls): 6 9.78 (s, 1H), 7.86 (d, 2H, J = 8.1 Hz), 7.26 (d, 2H, J = 8.1 Hz), 3.00 (q, 1H,
J=6.6 Hz, J=16.4 Hz), 2.88 (q, 1H, J = 6.9 Hz, J =16.4 Hz), 2.78 (m, 1H), 2.57 (m, 1H),
2.41 (s, 3H), 2.38 (m, 1H); °C NMR (125 MHz, CDCl3): § 202.0, 198.7, 143.9, 134.4, 129.3,
128.2, 50.5, 44.8, 24.6, 21.6, 20.4. [a]p>>=-9.7 (c = 1.0, CHCl3); HPLC (CHIRALCEL OJ-H,
Hexane/2-PrOH = 95:5, flow rate 1.0 ml/ min, A = 254 nm); tg = 15.73 (minor), 16.93 (major)
min.

(R)-3-(1,2,3,4-Tetrahydro-1-oxonaphthalen-2-yl)-3-phenylpropanal (Table 2, entry 11):
Yield: 87%; "H NMR (500 MHz, CDCls): 8 9.67 (m, 1H), 8.05 (d, 1H, J = 7.8 Hz), 7.46 (m,
1H), 7.20-7.34 (m, 7H), 4.33 (m, 1H), 2.76-2.95 (m, 5H), 2.08 (m, 1H), 2. 1.91 (m, 1H); *C
NMR (125 MHz, CDCls): 6 201.8, 201.1, 199.3, 198.3, 143.8, 143.5, 141.5, 141.3, 133.5,
132.7, 132.4, 128.7, 128.4, 127.6, 127.5, 127.0, 126.9, 126.7, 53.7, 52.0, 48.5, 43.5, 38.2,
38.1, 29.3, 27.3, 25.8, 24.3. [a]p> = -39.9 (¢ = 1.0, CHCl;); HPLC (Daicel CHIRALPAK
AS-H, Hexane/2-PrOH = 90:10, flow rate 1.0 ml/ min, A = 254 nm); tg = 14.90 (major),
18.24 (minor) min.

S5



wdd

PRI T Tl I

0F

6
1

8

E v G 9 L

P RSP T AT S U T ATV T R 0 4 VO O S A T 0 TN 0 SO0 W ) VO RO G S O Y W T A A T W T W WO O T 0 0 B

integral

|

2.343

1.218
2.337

4

4.661

442

:

Y

S6

ud

ud

e T B B B B B e e B e |

AN

Do Do W W W W Ww

.8227

.B381
8221
. 4B38
.4B6986
. 4556
L4264
3732
.3580
.3430
2402
2249
2108
.1885
. 1844
1438
.1299
. 1165

.9139
.8938
.BB58
2733
.2595
.B591
.B467
.B254
.B130
76802
L7441
. 7268
7104



og
L

TR B

09
Ly

oy

OIB

S7

Ud

Ud

opm

—201.

———198.

—143,

136.
fnaa.
i28.

_\—123:
127.
126

ey
-< 77.
76.

W s OO MmN N

1
H

O oW



g Integral pem
L

9.7070
9.7039

A

-

L7707
.7536
5816
.5645
.3161
L3010
.2862
.2576
.2431
.2251
2107
. 1863

:
1
N
1 0.987 —_— ]
]

==

o

[T

2.157

32_153 E e
1 %

|

| 5.731

-

r
%NL\%E

M-

.8615
.9474
89331
3080
2941
.9370
.9340
.9234
.9213
9030
.9001
.BB99
.8870
8480
.8443
.8324
8287
8140
8103
. 7984

T
Wow w

[SERLEE]

=
ny

o

1.079 —— “——aw

_—r———

o
2.278 f: e o

PG TG T U A S0 S0 W 00 0 ST T P8 0 0 O I WA 0
n

2
el
T
0O ud
v el
[AEI (VI LG S LS A C I S A G F T R S E )

L

19

——0.0745
T——0.0003

PR VO T O VO YO 1 SO AT WO U 1 5 T T

S8



ppm

—200.9
197.1

ma

—142.8

128.8
128.4

135.4
131.
129.5

127.3
127.0

Z
N

W

"M o~
-
M~ M~ =

49.5
44.8

Ph

——rr e

Br

| s oof et ke ) A Akt TRy PR Aot » P T AT N el

A g P PR g M S i A P A i T T TR Y i bt el i o e i e e Lo v Ll 2 WA A
—r T+ 1 T Y T 1 LNRAS et B S S R ER ma | L — T LI B I S B e N e e A AN
pom 200 180 160 140 120 100 B0 60 40 20 0

S9



] Integeal pom

wdd

ol

c £ 4 19 9 L g 5]
S T 0 UGG 0 S 0 W S T 0 TS W S 0 T S0 Y YO O T 0 0 0 T G W Y S O A W S T S S W PO W

4

0

paada e

11.000  p————m—m—m——— ——9.6913

.8185
.8023
.3149
.2994
.2850
.2729
.2581
.2383
.2218
.2035
. 1896

2.158

; I T

17793 rﬁ\—%,
|
-
|

___.____:F__ o

B R R R B e B NS N |

.2837

.9B16
9675
9530
3167
3021
9283
9167
9141
8953
8929
8830
B80S
8262
B225
8099
BOB2
7926
7889
7763
7725
.3918

H
Jn

ud

0]

=
m
~d

|
|

na
n
o
B

|

1.084 —

LFY)
d

bl
@

o
|

Mg NSRS R RS R N W L W oW

—0.0001

S10



pem

ppm

—201.2
—1397.7

200

e

——T—

160

__—144.1

TT—143.2

—
140

134.3
fiae.a
= —128.8

e

128.1
127.3
126.9

PRV

m o m
~ ~ o
[

49.5
— 44.8

O Ph O

TRTITPRRr T Y

— 35.4

Froy

R 2

i A
120

Lt a1 L

T

100 80

PRPRYE N
bl

Qadle e il b

a0

ORRTICN, NEPTPWPI IR TOTOm P
AT i P AT A

— T T T

20 0

S11



B ] Imeral ppm
21
3=
T ~—= L\ — 9,685
o
7.908
1 _/: 7.688
O 7.317
] 2.238 = 7362
3 7.287
1Teee~ e
- ) ? —— .
] —’i__ ] 7.220
: it s E 7.2086
3 7.192
] 6.915
] 6.898
PP
= L —— 5.290
o]
1 3.902
1 3.978
3 3.963
a- 1 128 — S e 3.949
2388 _—~ —~ - — ‘\_ 3.935
5 3.854
: 3.290
T & < 37
3 [ 2.933
L= -_““"--.__.
- 1.123 e 2.920
;180 _— ™ e X § 2.899
2 © 2.887
2 2.825
£ o 2.808
o] ™ 2.791
3 o 2.775

Elye)

(IR

F|

S12



ooe

wdd
PR WSMOR | S, T 1 -

081

IRESPRLY b1

CB 001
1 L

09
RS LT

114

bk

PPN

PR

e

S13

N0

Ud

ppm

—301.3
196.6

—163.6

—" 55,4
— 49.5
—— 446

— 38,5



g

PRI T T B ST B S

I

0

O A S R T A S

P

T i T B8 Vo PV REr Py I ] e k- W Y T G 8 0 W el W i

Integral

S14

AN T S R S T TR W o T R W T P W S P P I L N}

opm

6920

.B128
. 7967
.2608
2464
.2309
.22l
9963
.9791
.9618

9935
9799
9660
9514
9374
3286
3180
2953
2813
9326
g202
BO8E
B863
8133
8097
7970
7934
7784
7757
. 7630
7354
.4294
.3978



S15

ppm

—200.
—197.

—1B62.
450

— 144,

—138.

134,

128
{123_
\123

126.

115
is

77,
-< 77.
76

D oD Wwn o N

8
o)

@



at wdd
RIS KT EPR ST S A R I |

PRI 0 T8 T T W (ST S U T

B
1

£
AT VO S S A T R 0 0

L

4
72T I i Tt B

€
PO O T AT S N TV W SO WO T T R Y S W

Integral

1.000

Y -

= .

1.957

SR s

_—

2.208

Tam—

2.146

£ 474
2.962 —

—_—
1.722 =

10780
1.051 —

j

S16

5

) N

N A I

o oo o

pom

[ e T R T e R - R R I T R R ]

R e AP AV I I VIR A AR LS S RS R A R R S R L L B

YEAT

B24

167



wdd

it

0oz
=k

081
1

ozt

003

S N S S W—|

i

08
L

or

N b At

Li

o

Ak AR,

iyt

Wy g

S17

139.

-130.
d_/,—:ag.
128

128

145,
_£115

11

o m

mw-w o

o

[=1



wdd

PRTEE T A

TS0 W S0 GRS VA O SO PO Tl L o U O U0 0 021 0 5 ) L P MmO S

PRI A T R NI NI

T [ ST T

Integral

N ATAT—
1.000 —

|

1.067

LA L

—_—

1%}
n
(¥
w

—_—

1.085 ——

11,218 —

—y

S18

pom

9.7188

7.8074
7.8925
7.5975
7.5812
7.5718
7.5570
7.48669
7.4513
7.4360
7.4237
7.4073
7.2769

|

5.2977

1252
1108
0800
0458
0320
3902
L3772
. 3660
0102
9978
.9749
L9823
.9013
2.8858
2.8661

P Y

BB b

LASIRLR I LS LY PSR Y PV Iy Y

351
oo
n
f=1
w

2.0423

1.2722
1.2580
1.2437

At A



pom

—188.7
——1a7.2

g b e it h

148.8

—136.3

133.4
==—={32:8

%

Moy

pom

-

T et

R [ B Sl e 11

200 180

L L e

—

T
160

s

128.7
28,3
£7.8

i
i

—1AH b

— 11057

B e et

1
140

m O~

o~ o
L

49.1

44.0

— 35.0

S19



o wdd
s e

6

a

aale s aasrranlaa

~

9

]

Lag e g Lo daaada o s

ny
m)
B

!

14

et bbb s sl niaaaadias i caiaaa

] integral

—

0.938

D T e

|

ny
o
o
w

|

iy

7

.148_—=

PR TG I Y 8 B

|

~
1
Lad
n

f

.
e
[=

J

S20

ppm

7109

.BB81
8715
.5956
.5793
4123
.3961
L2718
.9239
.9064

. 1258
147
0424
.0284
0145
.Bg22
.3204
.3077
.2956
0002
.9878
.9651
.9527
.8818
.8663
.B468
.8312
.0443
2727
.2584

1.2442



i T

w ~ m (=1 w Mmoo ~
g 88 8 3 Q888 3
NS e S FEE SHNE. et (MNa At MAan ey (SR MR MM NN (NN B it i
ppm 200 160 _mc 140 »uo

—113.8
—_—10.7

Hoo

s o

™o e
™~ ™~ o
P~ P~ P~

—— 55.5
— 439.2

st BT

==——2:3003

1

mo

r

Bt

e B

B0

S21



wdd

o
FEPSr SR T S O A S |

8
el

g
loa vl

ﬁjﬂﬁrﬂm
|

v

e E

PO S U Y07 WO O S S O U S 1T

3

AT Ve O L 0 TR P

Integral

R RAR
1.000 _—

IR
(N

n

|

S22

B

Wow W wwww o

Lottt el ol L5 AR AS B AT LS A0 B ST L A 6 B 6 R o LS S I )

pem

6858
.6824
6780

.9050
.B873

.2643
1911
.1738
9165
.B988
8417
8244

.28926

1257
1115
9316
9170
9024

.B546
. 7660
.2554
2414
.9050
9021
.8927
.8es8

8716

8687
.8582

B5E3
7865
7821
7698
7655
7531
0434

.B944
2715
2972
.2430



wdd

]

0|9

ar

OIE

e AL e A

Wb i i,

e

e

S23

pom

—201,
196.

163.
158.

77.
-< 77.
76.

55.
=5
4q.
44,

34,

4
7

w W

W W w n

R

(=]

@~ B



1

wdd

ov
sl iaaa s a bl v

PRI I YIRS SO N NI VO SOV T VAT S0 W W 1 0 S S TV SO I O T S Gt B

¥

£

sal v s aa el eni
=i
&2.

ntegral

I o
1.000
SR

I
L L
ke |

| SO
= e
|

———

—_—

—

—

S24

g,

A

A

pom

7840

8698
.8537

2710
L2546

0225
.0093
.9898
.9766
.9018
.B881
.BE91
.B554
. 7962
7829
.7683
.5974
.5641
.55830
L4118
.3960
.3922
.31
.0734
.0589



wcid
SE BENESS EENN S

00e

PR A

091
T |

B S . -

Owt

TR TR

-

S25

pom

—2a02.0
——198.7

143.9

134.4

_—129.3
1282

——— 80,6
— 44,8

/|



0

7, S ., (SO

| Integral

1,173
1.074

9
g
o & e :
8
8
7
7
7
_— — :
7
7
T— 7
7
T
7
7
7
7
—7
-7
L o

/I
T e T T

[=]

S26

B B B BB

B

= e L BAS TS S Sy SR ST S SO ST S S (ST SR G G I I W O ¥ ]

ppm

.B764
6741
.B708
.BBBS

.0581
0438
.4B11
.4786
. 4BB2
4639
.4513
.4489
.3447
.3301
.3150
3010
2730
2600
2418
.2270
2115
1963

2979
3455
3367
3279
3177
3084
1285
3497
9436
8367
9304
8276
91686
8105
B424
B401
B321
8298
BOB3
8038
7963
7694
ogge
0918
0732
0858
.0439
.5789

.2737
2595
.2452
.8967
.8833
.0001



0al
e AT

orl

201.
fam.
199.
198.

~N WD O O s~ WO D

77

76.

SRR

48.

43.
38.

Ud

29.
27
25.
24.

(W AT

(=]

S27

L (e @O

- O oW

W00 W oo Oy



Method Name:

University Of New Mexico
Department of Chemistry

C:\EZStart\Projects\Default\Method\WeiWangl.met

Data File: C:\EZStart\Projects\WeiWang\hld73e%0e2.dat
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1869191 100.000
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