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General Procedure for B,p-Addition of Vinylphosphonates (1)

General procedure for B,f-addition of vinylphosphonates (1): In a glove box, a glass tube was charged with
vinylphosphonate (0.4 mmol) and 0.46 mL solvent, then sealed with a Teflon screw cap with a hole and rubber
liner. After the tube was removed from the glove box, PMe;/THF (1.0 mol/L, 0.04mL) was injected into it with a
syringe. The reaction was monitored by NMR. Removal of the solvent and PMe; under a reduced pressure gave
the crude product. B,-adducts 2/2' were obtained by passing the crude product through a short silica gel column

using hexane then CHCI; as eluent.

Structure determination of the isomers (a representative example): The structure of the products were
determined on the basis of NMR spectra. Isomers 2¢ and 2'c could be distinguished by 1H NMR based on the
chemical shifts and coupling constants of vinyl protons. The E/Z isomers of 2'c was estimated based on the
chemical shifts of their ally CH, group (the E isomer is more downfield than the Z isomer: Carbon-13 NMR
Spectroscopy, H.-O. Kalinowski, S. Berger, S. Braun, John Wiley & Sons, Chichester, 1988). Thus, the ratio of
2¢/2'c was based on the vinyl protons of ' H NMR (2¢: 6.84-6.74 ppm (m, 1H), 5.76-5.69 ppm (m, 1H); 2'c:
5.69-5.62 ppm (m, 2H)). The E/Z ratio of 2'c was based on the *' PNMR (Z-2": 27.0 ppm; E-2': 26.8 ppm) and the
allyl CH, carbons of > C NMR (Z-2": 27.5 ppm (dd, Jep = 23.8 Hz); E-2': 31.5 ppm (dd, Jcp = 142.6 Hz)) (J. M.
Kauffman, G. Moyna, J. Org. Chem. 2003, 68, 839-853).
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(EtO)zFl’l\/ (Eto)zFl’l/\/\/ 2 (Eto)zl?l/\/‘%/ (OEt),
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2c 2'c
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0P AN~ P(OEY,

o (2¢)

'H NMR (500 MHz, CDCl;): 6 6.84-6.74 (m, 1H), 5.76-5.69 (m, 1H), 4.14-4.06 (m, 8H), 2.72-2.51 (m, 2H),
1.92-1.85 (m, 2H), 1.38-1.32 (m, 12H). *'P NMR (200 MHz, CDCl;): 30.1, 17.9. *C NMR (125 MHz, CDCL;): ¢
151.8 (dd, Jep = 17.6 Hz), 118.9 (d, Jcp = 188.1 Hz), 62.42 (Jep = 3.0 Hz), 62.2 (Jep = 8.3 Hz), 25.6 (dd, Jep =
4.1 Hz), 24.9 (Jop = 142.7 Hz), 16.74, 16.68.

(e}

(EtO)ZP/\/\/ lFl)(OEt)z

o (E-2'¢)
'"H NMR (500 MHz, CDCly): 6 5.69-5.62 (m, 2H), 4.14-4.06 (m, 8H), 2.72-2.51 (m, 4H), 1.38-1.32 (m, 12H). *'P
NMR (200 MHz, CDCI5): 26.8. *C NMR (125 MHz, CDCy): 6 124.9 (Je.p = 43.4 Hz), 62.37 (Jp = 3.1 Hz), 31.5
(dd, Jep = 142.6 Hz), 16.8.
(EtO)zFI"—/:\—IIl’(OEt)Z

o o (Z-2'¢)
'"H NMR (500 MHz, CDCly): 6 5.69-5.62 (m, 2H), 4.14-4.06 (m, 8H), 2.72-2.51 (m, 4H), 1.38-1.32 (m, 12H). *'P
NMR (200 MHz, CDCl3): 27.0. *C NMR (125 MHz, CDCly): 6 123.3 (Jep = 39.3 Hz), 62.39 (Jep = 6.1 Hz), 27.5
(dd, Jep = 23.8 Hz), 16.8.
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Hydrogenation of 2b and 2b' to Produce (R, R;)-3

o)
Ph, N 'FL‘.\“ Ph
PN N o
-)MenO™ OMen(-
© 'c') © H,, Pd/C Ph, b . Ph
o 2 . NN @
Ph, P I..Ph  MeOH,25°C (-MenO™ U OMen(-)
-Meno™ | OMen(-)
o (Rp,Rp)-3

(Ro,Rp)-2b/2'b
(30/70)

A solution of 2b/2b' (0.25 g, 0.41 mmol) in 15 mL methanol was hydrogenated with 13 mg of 10% Pd/C under 5
atm of H, pressure at RT overnight. The reaction mixture was filtered and evaporated to remove the solvent and

passed through a short silica gel column using CHCl; as eluent to give 0.242 g (97 % yield) of the product.

White solid, m.p. 159-160 °C. [a]p> -24.2 (¢ 1.0, CHCl3). '"H NMR (400 MHz, CDCl;): J 7.74-7.68 (m, 4H),
7.54-7.42 (m, 6H), 5.39-5.37 (m, 2H), 4.38-4.20 (m, 2H), 2.78-2.44 (m, 4H), 2.23-2.19 (m, 2H), 1.77-1.61 (m,
4H), 1.77-1.61 (m, 4H), 1.40-1.29 (m, 4H), 1.03-0.75 (m, 24H). *'P NMR (200 MHz, CDCl,): 42.1. *C NMR
(100 MHz, CDCls): 6 133.4 (Jep = 123.0 Hz), 131.8, 131.3 (Jep = 9.5 Hz), 128.4 (Jop = 12.4 Hz), 48.8 (Jop = 5.7
Hz), 43.1, 34.0, 31.4, 30.6 (Jcp = 100.1 Hz), 25.7, (dd, Jcp = 2.8 Hz, Jcp = 18.1 Hz), 22.8, 21.9, 21.1,15.7.

Isomerization Experiments of 2¢/2¢'

The dimers 2¢/2¢' (55/45) (105 mg, 0.32 mmol) was dissolved in 0.4 mL THF-dy in a sealed NMR tube, Then
PMe; (33 pL, 0.32 mmol) was injected with a syringe. After heating at 60 °C for 12h, 24h and 48h, the

dimer-isomer ratio was checked by "H NMR spectra. (Figure 1).
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Figure 1.
Synthesis of 9 and 9a

Under nigrogen, a 20 mL tube containing a magnetic stir bar was charged with vinylphosphonate 1¢ (0.272 mL,

1.6 mmol), 2.4 mL THF and 0.8 mL H,O. After stirring at RT for 5 min., PMe;/THF(1.0 mol/L, 0.4 mL) was

added with a syringe then stirred at RT for 12h. After removal of the solvent and PMe; under a reduced pressure,

the crude product was obtained as a white solid, then pure 9 was obtained by washing with CHCl; and hexane in

92 % yield (0.312 g). The structure of 9 was determined by X-ray analysis.

White solid, m.p.69-72 °C. 'H NMR (500 MHz, D,0): J 3.89-3.83 (m, 2H), 2.32-2.24 (m, 12H), 1.82-1.81 (d, J
= 6.1Hz, 9H), 1.80-1.69 (m, 2H), 1.20-1.17 (m, 2H). >'P NMR (200 MHz, D,0) 28.7 (d, J = 63.9 Hz), 22.9 (d, J =
61.9 Hz). *C NMR (125 MHz, D,0):  61.1 (d, 5.8 Hz), 18.8 (dddd, J = 5.8 Hz, 3.8 Hz, 3.8 Hz, 4.8 Hz), 16.1 (d,

5.8 Hz),7.2,6.7.

d-9 was synthesized following the same procedure using D,O (Figure 2).
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Figure 2. "H NMR spectra of 9 and d-9: H*, H® and H® were deuterated.

Reaction of Diethyl Vinylphosphonate (1¢) with Aldehydes

General procedure: into a nigrogen-charged tube was placed diethyl vinylphosphonate 1¢ (0.4 mmol), aldehyde
(0.4 mmol) and 0.6 mL DMF with 0.1eq H,O in it. Then PMe;/THF (1.0 mol/L, 0.4 mL) was added with a syringe
and stirred at RT. The reaction was monitored by GC until the reactant disappeared. After removal of the solvent
and PMe; under a reduced pressure, the crude product was passed through a silica gel column using hexane then
EtOAc/hexane (1/5) as eluent to give corresponding olefin. (E)-diethyl 4-methoxycinnamylphosphonate, 45 %
yield. (E)-diethyl cinnamylphosphonate, 65 % yield. (S. Ghosh, S. U. Kumar, J. Shashidhar. J. Org. Chem. 2008,
73, 1582-1585; N. N. Demik, M. M. Kabachnik, Z. S. Novikova, 1. P. Beletskaya, Russ. J. Org. Chem. 1994,30,
935-940)

(E)-diethyl cinnamylphosphonate

0
(EtO)P X Ph
'H NMR (400 MHz, CDCly): § 7.35-7.17 (m, 5H), 6.52-6.46 (dd, J= 4.8, 5.2 Hz, 1H), 6.18-6.09 (m, 1H),
4.15-4.02 (m, 4H), 2.77-2.69 (m, 2H), 1.31-1.24 (m, 6H). *'P NMR (200 MHz, CDCl;): 27.6. *C NMR (100
MHz, CDCl;): 6 136.8 (Jcp = 2.8 Hz), 134.7 (Jop = 15.3 Hz), 128.6, 127.6, 126.2, 118.9 (Jcp = 11.6 Hz), 62.1
(Jep=6.7Hz), 31.9 (Jop = 139.8 Hz), 16.6 (Jop = 5.7 Hz).

(E)-diethyl 4-methoxycinnamylphosphonate

OMe
1
(EtO),P NN

'H NMR (500 MHz, CDCl3): § 7.34-7.33 (d, J=8.5 Hz, 2H), 7.89-7.88 (d, J=9.0 Hz, 2H), 6.53—6.49 (dd, J=5.0,
5.0 Hz, 1H), 1.37-1.37 (t, 6H). >'P NMR (200 MHz, CDCl;): 27.2. 3C NMR (125 MHz, CDCl;): 6 159.6, 134.6
(Jep = 14.4 Hz), 130.2 (Jep = 3.1 Hz), 127.8 (Jep = 2.0 Hz), 116.9 (Jep = 12.4 Hz), 114.4, 62.5 (Jop = 6.1 Hz),
55.7,32.0 (Jep = 139.6 Hz), 17.0 (Jcp = 6.3 Hz).
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Copies of NMR Charts of the Products
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single_pulte esx2
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4.19 KHz
739 Hz
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7503.00 Hz
16
21837 gec
40000 sec
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cDeL3
12 .56 ppm
0.12 Hz
26
DFILE 1102w(5 ) Tha-
2 25K 2 COMNT
= R o DATIM  2012-03-3031:
UBNUC  31P
(o] EXMOD  single_puls _ds
1] OEFRQ 16184 MH:
0BSET 276 KHz
pthMFth QBFIN 482 Ha
" 2 POINT 32781
o} FREQU 50813.01 H
SCANS 128
C‘? 1 ACQTM 0.6440 sec
D 2.0000 sec
%Pth W1 343 usec
PhzP IRHUC  1H
1l CTEMP 231¢c
2' SLYNT  CDCL3
EXREF 0.00 ppm
2 2 EF 012 Hz
RGAIN 54
E-2'
|
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PR M
T T T T T T T T T T T T T T T
35 30 23 20 15
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1102ve(5 ) Fha-
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153c
single_pulte s
100 53 MH
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20000 s4c
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230
¢DeLs
224 75 ppm
0.12 Hz
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WS0.29.166.7 B\data Wang Miang Bo'd011(PMe )M 115 GPC PhELO-dimer(1111(1) 115 GP ¢ PRELD -dimer- €D C15-i- 2hem E02als

— - - DFILE  1115GPC PhEW-
g ] COMNT
g E E DATIM  FriHov 182154
GENTC 3P
EXMOD  bem
GEFRQ 20195 MHz
QESET 0.00 KHz
QEFIN 14078500 2
PONT 32768
FREQU 12048192 Hz
. SCANS 512
(@] 2 ACQTM 0.2720 tec
D 2.0000 sec
Ph o H/Ph W1 6§35 utec
P R TN ENUC  1E
Et0—) OEt CTEMP 217
SLVNT = €DCL3
EXREF 000 ppn
BF 012 Hz
0] Ph RGATH 25
|
Ph P :
p OEt 2
EtO7 1
o]
2
2
!
n i PR MUY 4 v e g i Sy e e e 4
PPM
T T T T T T T T T T T T T T
50 45 40 35 30 25

WL50 .29 166 7 8\dats Wang Himg Bol201 1(PMe3) V115G PC PhELO- dimer(1111(1)0115GP C330m in)PHEL0 dimer i CARBON 3als

ST RO R EC Y RT T RE BN EARESY Conrgy | ERCGImIm
NS9REENELRYENATEIRRENRUSTELNALEEY prye 26 MEUESEEERERANNE cane
FEEHA AR AaArARr AARR NN NN AR ANNRAS prpe EE BANTRIARARNERRS enpe e mRmEe
EXMOD  single_puke_dec
v %&V% H GEFRQ A0 43 A
OBSET 5.35 KHz
OEFIN 586 Hsz
POINT 26224
FREQU 2512524 Hz
BCANE 1000
ACQTM 10433 sec
D 2.0000 gec
| PE1 340 usec
i RNUC  1H
CTEMP 232
ELWHT CDCL3
EXREF 2324 71 ppm
EF 0.12Hz
RGAIN 50
|
Q
|
s e
, Et0 1) OFt
2
0 Ph
I
Ph /\\/‘\-\‘/#/
=P ToEt 2
Et07 ||
0
1
.
\
.
1}
I “III
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150 125 100 75 50 25 0
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B - - DFILE  1121¢-Men0-dimer,
T & = COMNT
g = o DATIM Mon Nowv 21 21:20:2¢
- o OBNTC  3IF
EXMOD bem
0BTRQ 20195 MHz
UBEET 0.00 KHz
OEFIN 14078500 Hz
POINT 33768
FREQU 12048192 Hz
| SCAHNS
2' ACQTM 0.2720 sec
PD 2.0000 fec
o} UL 635 usec
| ENUE 1H
Ph # .wPh CTEMP 225¢
’».P T \O SL¥NT  ¢DCL3
_ - z EXREF 0.00 ppm
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o g = oo
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FERERFFE 99990 F0RRansnnaARSANRaRESS DATIM  Mon
EXMOD  bem
QEFRQ 125.40 MHz
OBSET 0.00 KHz
QEFIN 14301100 Hz
POINT 32768
FREQU 3389830 Ha
SCANS 2000
ACQTM 09667 tec
o] FD 2.0000 sec
| D1 440 nsec
Ph, S J: ~+Ph IRNUC  1H
= CTEMP 232¢
(Meno=]] Men() SLYNT  epels
o EXREF 0.00 ppm
, BF 0.2 Hz
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DFILE  0319w(1)Rp-redurtion
g COMNT  0318(L)Rp-rednction
= DATIM  2012-03-21 142651
GBNUC 1H
EXMOD  smgl_puke sl
GEFRQ 38576 M
OBSET 4.13 KHz
QEFIN 729 Hx
POINT 13120
FREQU 600231 Hz
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§ ACQTM 2.1837 ter
= PD 4.0000 tec
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IRNUC 1M
CTEMP 227
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W150.29 .16 6.78'dataang ang-B '8 319(1) Rp-ré duction'03 1 ow (LIRp-r+dnction purs .GPC3. F1P 3 50PPM_BCM-3.als
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W150.20.16 6.76 data Wang Xiang-B 010 319(1) RpTe duction'd3 10w (1)Rp-reduction pire GPC3 3¢ . CARBON-als
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DFILE
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>
WL
IRNUC
CTEME

SLYHT
EXREF

RGAIN

il

150

125 100 15 H 25 o

03101 JRp-re due tion
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4.8 Ha
26224
4064979 Hz
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05449 500
2.0000 gec
343 utes

175 19 ppm
0.12 Hs
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siugle_pulse_dec
100.53 MHz
535 EHz
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0.12 Hz
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%150.39. 166. TR \dars\ Wang Xiang-Bo\l214 GPCI (B0 PCHICH=CHPh\ 121 4wGPC( ) (Ex02PCHICH=CHPh_dry-i- PROTON-1.als
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W 30.29.166.78\dataWang Xang-Bo'd 0120116 pure sample from HIO WL 16EtQ- Phe3 D20- CARBOUN-3al
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