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General Experimental: 'H, "C and *'P NMR spectra were recorded at 300, 75 and 121 MHz,
repectively in CDCl,. 'H NMR spectra are referenced to internal tetramethylsilane (TMS, 8=
0.00), “C NMR spectra to the center-line of CDCI, (77.23 ppm) and *'P NMR spectra to external
85% H,PO,. Coupling constants, J, are reported in Hz. Enantiomer ratios were measured by
chiral stationary-phase HPLC on a (S,5)-Whelk-O 1 column or a Chiralpak AS column. Optical
rotations were determined using a polarimeter set at 589 nm. (1R) (2E) dimethyl (1-hydroxy-2-
butenyl) phosphonate was prepared using published procedures.l’2 (1S,2E) Dimethyl (1-
hydroxy-2-butenyl) phosphonate (1) was prepared according to published procedures using D-
dimethyl tartrate as the ligand and the lipase from rhizopus arrhizus (Sigma) (2.6 g, 86% e.e).’

1. a) Texier-Boullet, F.; Foucaud, A. Synthesis 1982, 165; b) Baraldi, P. G.; Guarneri, M.;

Moroder, F.; Pollini, G. P.; Simoni, D. Synthesis 1982, 653.

2. Rowe, B.J.; Spilling, C. D. Tetrahedron Asymm. 2001, 12, 1701
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Stereochemical Analysis For the (R) Hydroxy Phosphonate (65% e.e.)

4 3
0 e MeO, Q
> e ,
MeO,.li1 3 MeO/,,.ﬁ P MeO,, © >—< >* " Me
\ e P~
MeO Z/\/ MeO” v MeO”™ 2 MeO
41 OH2 4 hydroboration of the OH
. mixture
R isomer, 65% e.e.
by HPLC (E) (R) isomer (2)(S) isomer (11.-621 mixture of
R:S =4.8:1 iastereoisomers
E:Z=85:15
2 3
Me Me
| "y |
z S)-(+)-3-(p-tolyl)-butanal
expect R:S of 2.69:1 0 4 (0] (S)-(+)-3-(p-toly)
= 46% e.e. 95.5% e.e. [o]p +39.6 (c 1, CHCly)
[o]p -19 pure = [o]p +41.5
R isomer
[o]p -15.2 (= 37% e.e)
R s a 43% total erosion in e.e.
Accounting for E and Z isomer formation, expected e.e. +46%
48 @ 1 37% represents a 14% erosion in e.e.
85%\><J 85
4.08 0.85
+0.15 +0.72

423 : 157 =269:1=46%

Stereochemical Analysis For the (S) Hydroxy Phosphonate (86% e.e.)

MeO,,, ||
P 74% e.e. (R)
MeO/,,’91 3 MeO/, u / < > T T MeO 1.85:1 mixture of
,P\/\/Me diastereoisomers
MeO” by HPLC
4 OHZ2 (2)(R) isomer
S isomer, 86% e.e. e}
by HPLC Meo,, £ 2
/ Me MeO/, ||
73% e.e. (S)
Y\/ 1.6:1 mixture of
diastereoisomers
(E) (S) isomer Q by HPLC
2 3
Me
Me
(S) isomer (\<H (“)/V: (S)-(+)-3-(p-tolyl)-butanal
0 ~_4

95.5% e.e. [a]p +39.6 (¢ 1, CHCIy)
100% = [o]p +41.5

S isomer
[a]p +32.2 (= 78% e.e) a 9% erosion in e.e.
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Brad Rowe sample CDS1A in CDC13
1H NMR spectrum on Bruker Avance 300 spectrometer
GNP probe, temp 300K, B-13-2001

-

Current Data Parameters

NAME BRACOS1A
N e ono 0 e o ZXPND 1
= T Do & e o o 2ROCND .
S = Bt o =5 < !
o m.omeomm o —_ = =) F2 - Acquisition Parameters |
o Date 20010813
B\ /ﬁ\ 7 /X 7 Time 17:30
INSTRUM spect
S AOBHD & nm GNP 4 _
.W PULPAOG 2930 7
3] | 17122
o SOLVENT cocid
o i
/ %) NS i6
a5 2
o SHH 2853.881 Hz 7
O=n = SIDRES 0 168579 Hz |
O\ /O Z A0 2.9998243 sec
T 6 228 1
Wv m - Ol 175.200 usec
OE 6:00 usec
IE 300.0 K
D1 1.00000000 sec
======== CHANMEL f1 ========-
NUCY 1H
{241 10.62 usec
PL1 65.00 dB
SFO1 289.9152746 MHz
F2 - Processing parameters
51 32768
5F 299.8140050 MHz
WOwW EM
558 ]
LB 0.30 Hz
GB ]
2C 1.00
10 NMR plot parameters
X 20.00 cm
Cy 0.00 cm
FiP 7.933 ppm
F1 2379.16 Hz
Fap -0.105 ppm
Fa -31.48 Hz
PPMCM 0.40189 ppm/cm
HZCM 120.53215 Hz/em
- M sl
T e e v i Fe’ ot BNk S Ee i e

L e e et e

ppm 7

na
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Brad Howe sample CDS1A 1n COC13
tH{31P} NMR spectrum on Bruker Avance 300 spectrometer
ONE probe, temp 300K, 8-13-2001

Current Data Parameters

NAME BHCOS1A
Tolte;} = < Z¥PND 5
: i o % = S o SROCND 1
a: N ~ O ™ T M
= H 3 3. 2 P 2 - Acguisition Parameters
S 1 Date_ 20010814
Time 11.07
m — /\ INSTAUM spect
™ SROBHD 5 mm QNS 1H
el 2BLPAOG 2919
= 1] 32768
> SOLYENT Acetone
] NS 16
% w 8 2
o o St 2B53.B81 Hz
! / N S SIDAES 0.087094 Hz
o 43 5.7410035 sec
o=0’ W % BG 228 1
\ kol Ow 175.200 usec
O\ o) =z B 9 .00 usec
TE 300.0 K
Wu m 1H » o1 100000000 sec
dit 003000000 sec
| ======== CHANNEL fi ========
| NUCE 1H
29 10.62 usec
3Lt 6.00 0B
SFO1 299.9152746 MHz
======== CHANNEL f2 ========
CPOPRG2 garp
NuC2 3P
PCPO2 70.00 usec
pL2 120.00 0B
212 33.00 ¢8
5F02 121.4102982 MHz
f2 - Processing parameters
sI 32788
SF 289.9140072 MHz
WOW EM
558 o
LB 1.00 Hz
G 0
aC 1.40
1D NMR plot parameters
[ 20,00 cm
( oY 0.00 cm
7_»)‘() B %T;)y o a3 7.649 ppm
M s . t (L, A i S =1 2294 07 Hz
Fep 1.032 ppm
LSS T S s S S O e e - T | SRS e SN o R N s e A e B e e M P DAY My S o i T r2 309.51 Hr ;
e w g 5 4 3 2 OPMCH 0.33086 ppm/cm

HZCH 99.22813 Hz/cm
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Brad Rowe sample CDS1A in CDC13
13CH1HL NMR spectrum on Bruker Avance 300 spectrometer
GNP probe, temp 300K, 8-13-2001
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Current Data Paraneters

NAME BRCOS1A
EXPND 2
SROCND 1

T2 - Acquisition Parameters

date - 20010813

Time 16.45
INSTRUM spect
2R0BHD S omm GNP 1H
PULPRDG zgpg30

10 65536
SOLVENT COC13

NS 1024

75 4

ShH 15432099 Hz
FIORES 0.235475 Hz
A 2.1234164 sec
a6 1290.2

OW 32.400 usec
DE 6.00 usec
TE 300.0 K

D1 2.00000000 sec
a1l (.03000000 sec
412 0.00002000 sec
sz=z=z==2 CHANNEL f1i ========
NUCY 13C

21 8.20 usec
25! 5.00 gB
SFO1 75.4207578 MHz

s======= CHANNEL f2 =s===zzs=

CPOPAG2 waltz16
NuC2 1H
2CPO2 80.00 usec
BL2 600 g8
apya 24.00 d8
fL13 24.00 ud
SFo2 299.9151997 MHz

F2 - Processing parameters

SI 32768

SF 75.4134355 MHz
WOW EM
558 o

LB 3.00 Hz
G 0

PC 1.40

1D NMR plot paramsters

cx 20.00 cm

cY ¢.00 cm

Fip 168.830 ppm

Fi 12732 .06 Hz

Fep -1.561 ppm
E2 -117.72 Hz
BPMCM B8.51955 pom/em

HZCM 642 4B8B3 Hz/cm
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"H NMR Spectrum (300 MHz)
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Current Data Parameters

NAME Aug14-2001-cos
EXPND 110
PROCKNO 1

F2 - Acguisition Parameters

Date_ 20010814
Time 16.08
INSTRUM spect
PROBHD 5 mm GNP {H
PULPROG 2930
10 65536
SOLVENT COC13
NS 16
0s 2
SHH 6172.839
FIDRES 0.094190
Al 53084660
AG 4064
D 81.000
DE 6.00
TE 300.0
01 1.00000000
s======= CHANNEL f1 ====
NUC1H 1H
P 10.62
PL1 6.00
SF01 299.9158521

Hz
Hz
sSec

usec
usec

5€ecC

usec
dB
MHz

F2 - Processing parameters

51 32768
5F 299.9140073
WOW EM
558 Q
LB 0.30
GB 0
PC 1.00

10 NMR plot parameters

£X 20.00
c¥ 12.50
FiR 10.049
Fi 3013.81
Fa2p -1.500
F2 -443 91
PPHCM 0.57745
HZCM 173.18588

MHz

Hz

cm
cm

ppm

Hz

ppm

Hz
ppn/cm
Hz/cm
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Brad Rowe sample CDS1B in CDC13

1H{31P} NMR spectrum on Bruker Avance 300 spectraometer with

ppm

P~

0
||
'H NMR Spectrum (300 MHz)

31Pdecoupled

/
(©]
)
=

MeO~

temp 300K. 8-16-2001.

70365
~—3.69486

=3

—2.32548

GNP probe

T—1.393B7

——0.00026

Current Data Parameters

MAME
EXPNO
PROCNO

BRCDS18
4
1

F2 - Acquisiticn Psrameters

Time
INSTAUM
PROBHD
PULPROG
0
SOLVENT

NUCH
P
PL
SFO1

CPOPAG2
Nuc2
PCPO2
PL2
PL12
SFO2

20010817
10.57
sSpect

5 mm GNP 1H

z61g
32768
cocl3
16
2
2853.881 Hz
0.087094 Hz
5.7410035 sec
287 .4
175.200 usec
6.00 usec
300.0 K
5.00000000 sec
0.03000000 sec

garp

e
70.00 usec
120.00 dg
33.00 dg8

121.4102982 MHz

F2 - Processing parameters

sI

SF

32768

299.9140071 MHz

EM

10 NMR plot parameters

X

cy
FiP
Fi
FaP
F2
PEMCH
HZCM

20.00 cm
0.00 cm
9.006 ppm
2701.12 Hz
-0.509 ppm
-152.76 Hz

0.47578 ppm/cm
142.69406 Hz/cm
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3¢ NMR Spectrum (75 MHz)
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j 19231

"
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66.9289
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Current Data Parameters

NAME Jul20-2001-cds
ZXPNO 51
2ROCND i

2 - Acguisition Parameters

Date_ 20010720
Time 14.95
INSTRUM spect
SA0BHD 5 mm GNP 4H
JULPROG 2g30
10 B5536
SOLVENT cocl13
NS 16
05 2
SHH 6172.839 Hz
FIDRES 0.084190 Hz
AQ 5.3084660 sec
a6 101.6
OwW B81.000 usec
JE 6.00 usec
TE 300.0 K
01 1.00000000 sec
=z======= CHANNEL {1 ========
NUC1 1H

i 10.82 usec
3| 6.00 dB
SFM 299.9158521 MHz
T2 - Processing parameters
51 32768
SF 299 G140292 MHz
WOW EM
558 0
LB 0.30 Hz
GB 0
2C 1.00

1D NMP plot parameters

CX 20.00 ¢cm

cY 12.50 cm

E1P 11-.000 pom

£1 3299.05 Hz

Fep -1.000 ppm

=2 -299.91 Hz
PPMCH 0.60000 ppm/cm
HICM 179.94843 Hz/cm

S12



Brad Rowe sample CDS1B in COC13
13C{1H} NMB spectrum gn Bruker Avance 300 spectrometer with GNP praobe
temp 300K. 8-16-2001.

Current Data Parameters

NAME BRCOS1B
[gY} m oo o oy o= oo ™M o= -~ EXPNO .
- + Mmoo 0 m M [ S 4 X o S o T o I e = 0 = PROCNG q
e o BTN Siom P 20 2
W W wm mw % % W.._ rm q]d ,ﬂ. ,7/4 m Mw.u_ ﬁ_M M Mw ﬁd m =2 F2 - Acquisition Parameters
B 4_|. e .,_l 4_|_ e | i Date 20010817
f J | _ 1 i | __ Y M / k Time 11.04
f V] / / / 4 \ | INSTRUM spect
J bl / { | 1 , PROBHD 5 pm ONP 1M
FULPROG 2gpa30
\ﬂ_l 10 65536
T SOLVENT coci3
s NS 525
05 4
o SWH 17985.611 Hz
[ FIORES 0.274435 1z
AQ 1.8219508 sec
S a6 g12.7
ol o 27800 usec
2 OE 600 usec
% TE 300.0 K
L o 01 2.00000000 sec
(@] n d11 0.03000000 sec
d12 000002000 sec
O=a T
s = ssmosoos CHANNEL 1 ========
o O P NUCT 13c
o O O 5| 8.20 usec
s =S %) EE] 5.00 dg
e SFOL 75, 4208466 MHz
======== CHANNEL f2 ========
CPOPRG2 waltz1b
Nuc2 1H
pCPp2 80.00 usec
ALz £.00 dB
a2 24.00 dB
aL13 24.00 d8
SFO2 299.8151997 MHz
F2 - Processing ca.,uzvmﬂm..em
ST 32768
SF 75. 4134347 MHz
{ WO EM
558 0
LB 3.00 Hz
Ga 0
ag 1.40
10 NMR plot parameters
| 93 20.90 cm
! y ! ! 1 i cy 0.00 cm
i Tt TR __ : I L | | : F1p 218857 ppm
| I , I | 1 1650474 Hz
Fop -19.637 ppm
T TR 7 T T I i i T ¥ T T T i | e g i i 1 sznz M“hMMwMW ”Ma\n%
opm 200 175 125

HZCM B899.280b4 Hz/cm

S13



OH

MeO_Ti
MeO™

3P NMR Spectrum (121 MHz)

|
2
i

B

n

Current Data Parameters

NAME Jul18-2001-cds
SXPND 15
PROCNO 1

F2 - Acguisition Parameters

Date_ 20010718

Time 20.44
INSTRUM spect
SAOBHD 5 mm GNP 1H
PULPROG 2gpg30

0 63536
SOLVENT cocl13

NS 16

DS 4

SHH 48661 .801 Hz
SID0RES 0.742520 Hz
AG 0.6734324 sec
a6 9195.2

Bl 10.279 usec
DE 6.00 usec
TE 300.0 K

0t 2.00000000 sec
dit 0.03000000 sec
a1z 0.00002000 sec
======== CHANNEL f1 ==s======
NUC1 3P

P1 4.05 usec
PL1 6.00 0B
SFO1 121. 4011922 MHz

======== CHANNEL 2

CPOPRG2 waltzis
nuC2 1H
PCPD2 80.00 usec
pL2 6.00 dB
LI 24.00 a8
aL13 24.00 a8
SFa2 299.9151997 MHz

2 - Processing parameters
I

S 32768
SF 121.4072630 MHz
WOW EM
SSB 0
LB 1.00 Hz
GB 0
pC 1.40

1D NMR plot parameters

X 20.00 cm
cy 12.50 cm
FiP 36.746 ppm
Fi 4461 .25 Hz
Fep 21,485 ppm
F2 2608.40 Hz
PPMCM 0.76307 ppm/cm

HZCM 92.64271 Hz/cm

S14




'H NMR Spectrum (300 MHz)

b u
Sl A
5 (S .
5= =
S = -
_ T U T TP T T T i T r iy _ TTITTIrerT T T T E P T ETT j L I e E DN N ) IR ) O | —
ppm B B 4

1.0603
2.2800
3.4694
3.6065

5 e e O R

0

Current Dats Parameters

MAME Jul23-2001-cds
EXPNO 110
PROCNO 1

F2 - Acguisition Parameters

Date_ 20010723
Time 20.33
INSTRUM spect
PROBHD 5 mm GNP 1H
PULPROG 2930
] 65536
SOLVENT CoC13
NS 16
os 2
SHH 6172.839
FIDAES 0.094190
AQ 5.3084680
RG 512
D 81.000
DE 600
TE 300.0
01 1.00000000
s======= CHANNEL f1 ========
NUCY 1H
P 10.62
L 6.00
SFO1 2999158521

F2 - Processing parameters

A 32768
SF 299.9140169
WOW EM
S58 0
LB 0.30
GB 8}
PE 1.00

10 MMA plot parameters

€ 20.00
Cy 0.00
F1P 10.041
F1 3011.25
Fa2pP -0.281
F2 -84.28
PPMCM 0.518609
HZCM 15478165

MHz

Hz

cm
cm

ppm

Hz

ppm

Hz
ppm/cm
Hz /cm

S15



ppm

O

3¢ NMR Spectrum (75 MHz)

175

.B4d4

14e

292

136

Current Data Parameters

MAME
ZXPNO
PFROCND

Jul23-2001-cds
fel
1

72 - Acquisition Parameters

Jate 20010723

Time 22.14
INSTRUM spect
SROBHD 5 mm ONE - 1H
SULPADG. zgpg3o

0 65536
SOLVENT CDhC13

NS 450

25 4

SH 17985.611 Hz
=IDRES 0.274439 Hz
AQ 1.8219508 sec
G a12.7

N 27.800 usec
aJE 6.00 usec
TE 300.0 K

91 2:00000000 sec
di1 0.03000000 sec
a12 0.00002000 sec
======== CHANNEL §1 ========
NUCH 13C

15} 8.20 usec
BLy 5.00 dB
SFO1 754209466 MHz
===s==== CHANNEL f2 ===
CPDPAG2 waltz1b

nuc2 1H
acPp2 80.00 usec
e 65.00 dB
12 24.00 dB
;13 24.00 a8
502 299.9151997 MHz
2 - Processing parameters
51 32768

SF 75.4134195 MHz
WOW EM

558 a

B 1.00 Hz

Gl a

e 1.40

10 NMA plot parameters

o 20,00 cm
cy 12.90 cm
FipP 219.047 ppm
1 16519.05 Hz
Fap -19.447 ppm
F2 -1466.56 Hz
DPMCM 11.92468 ppm/cn
HICM 593. 28064 Hz/cm
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HPLC Data:

Dual column system: WhelkO S,S column followed by a ChiralPak AS column, detection at 205 nm, 95:5 EtOH
hexane, 1 mL per minute

ME‘O/,,(H) (@]
JP_~_Me 1.BHyTHF MeO, 1
MeO P Me
2. H,0, NaOAc, 50 °C MeO'
OH
racemic
enantiomers
24.77 min
- 21.23
20.53 min
31.01 min
16 | . . 39
(0]
MeO,, 17 (6]
1. BHg THF MeO,,
oor Py Me 1B B e
: 2. H,0,NaOAc, 50°C  MeO” Y Y

(S)-E) @ 0H©

o 1. BHg THF Meo,, Q
MeO,, i P Me
P 2.H,0, NaOAc, 50°C  MeO

MeO” (R)-2) M

o
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