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General Remarks

All the chemicals that are not mentioned in the subsequent parts were purchased from Merck, Alfa
Aesar, Acros Organics, Fluorochem or TCl and used without further purification. The solvents if needed
were dried according to standard conditions. For column chromatography and TLC (SiO,, 60M, pore size
0.04 — 0.063 mm), products of Machery-Nagel were used. The TLC-glass-plates DURASIL consisted of a
0.25 mm layer of silica 60 with Fluorescence indicator UV254. TLCs were checked under UV-light (254
nm or 365 nm) and stained with an ag. KMnQOg-solution, PMA-stain, DNP or PAA. Reaction monitoring by
GC-MS was performed using HP 6890, capillary column DB5-MS and Agilent 5973 MSD. The default
method was 70 °C (2 min), ramp 20 °C/min to 270 °C, hold 10 min. Injector temperature 250 °C, Aux
temperature 275 °C. The preparative TLC-glass-plates DURASIL consisted of a 1.0 mm layer of silica 60
with Fluorescence indicator UV254. All H, 3C, °F and 3!P NMR spectra were measured with a BRUKER
250 (*3C), BRUKER Fourier 300 (!H, 3C) or an BRUKER Avance 400 spectrometer (*H, *3C, ¥°F, 3'P). The
chemical shift of each signal was registered in ppm. For 1H and 13C measurements, the chemical shift
refers to TMS, showing a signal at 0 ppm. As an internal standard, the remaining protons or respectively
the carbons of the corresponding deuterated solvent were used (CDCls, 7.26 ppm (1H-NMR), 77.16 ppm
(3C-NMR)). The chemical shift of the fluorine NMR was determined indirectly. For carbon spectra, a
broadband decoupling was performed. Enantiomeric excess was determined by HPLC analysis on
Phenomenex Lux Cellulose-1 columns. High-resolution mass spectra (HRMS) were measured with El or
ESI ionisation by the MS plattform. A chromatographic purification was performed before each
measurement. The Thermo Q-Exactive plus device for ESI-mass spectra was coupled to a binary UHPLC
system. For El-measurement, a GC-system was coupled to the Thermo Q-Exactive GC device. All the IRs
were measured using the Shimadzu IR-Affinity-1 (FTIR) device.



Screening results of Substitution of Allylic Fluorides

b Conditions
o~ + (EtO),POCF,TMS ——m—>
1a 2a S-3a
Entry (Cfgagjr%) Solvent Ratio  Concentration z-fcr;] th] ng erl®!
1 (DHQD),AQN PhCF, 1:1.3 0.2M rt 60 18 94:6
2 (DHQD) PHAL PhCF, 1:1.3 0.2M rt 60 37 94:6
3 (DHQD),PYR PhCF, 1:1.3 0.2M rt 60 30 92:8
4 (DHQD) PHAL DCE 1:1.3 0.2M rt 60 12 93:7
5 (DHQD) PHAL DME 1:1.3 0.2M rt 60 42 94:6
6 (DHQD),PHAL THF 1:1.3 0.2M rt 60 41 94:6
7 (DHQD) PHAL CycloHexane 1:1.3 0.2M rt 60 31 91:9
8 (DHQD) PHAL Toluene 1:1.3 0.2M rt 60 7 91:9
9 (DHQD)ZPHAL Dioxane 1:1.3 0.2M rt 60 40 93:7
10 (DHQD) ,PHAL DME 1:13  0.2M 0 40 31 96:4
16 (DHQD) PHAL THF 1:1 0.2M 0 60 36 95:5
11 (DHQD) PHAL Dioxane:DME (5:1)  1:1.3  0.2M 0 40 32 97:3
12 (DHQD) ,PHAL Dioxane:THF (5:1) 1:1.3  0.2M 0 40 35 96:4
13 (DHQD),PHAL Dioxane:THF (5:1) 1:1.3  0.5M 0 40 45 95:5
14 (DHQD) PHAL Dioxane:THF (5:1) 1:1 0.5M 0 40 44 95:5
15 (DHQD) PHAL Dioxane:THF (5:1) 1:1 0.2M 0 51 479 98:2
16 (DHQD),PHAL Dioxane:THF (5:1) 1:2 0.2M 0 88 45 96:4
17 (DHQD) PHAL Dioxane:THF (5:1) 1:3 0.2M 0 88 43 95:5
18 (DHQD) PHAL Dioxane:THF (5:1) 1:4 0.2M 0 88 38 96:4

[a] Yield based on NMR with Ph;CH as the internal standard.

[b] Determined by HPLC analysis using a chiral column.
[c] Isolated yield



Synthesis of Morita Baylis Hillman Alcohols
(0]

DAB
_CHO . co
R | R' R R'

The alcohols were already prepared as following: Aldehyde (1 equiv.) was treated with DABCO (0.5
equiv.) in methyl acrylate (2 equiv.) and stirred at ambient temperature till judged completed by TLC.
The crude mixtures were directly subjected to column chromatography (silica) using EA and PE as
solvent system to give the corresponding alcohols, which matched the known analytical data.!*

ethyl 2-(hydroxy(phenyl)methyl)acrylate

'H-NMR (300 MHz, CDCl3) 6 7.43 —7.27 (m, 5H), 6.35 (d, J = 1.0 Hz, 1H), 5.82 (d, OH O

J=1.3 Hz, 1H), 5.57 (s, 1H), 4.19 (g, J = 7.1 Hz, 2H), 3.06 (s, 1H), 1.26 (t, J = 7.1 o
Hz, 3H). *C-NMR (75 MHz, CDCl5) 6 166.35, 142.14, 141.31, 128.40, 127.79,

126.56, 125.95, 73.39, 60.96, 14.04.

butyl 2-(hydroxy(phenyl)methyl)acrylate

1H-NMR (300 MHz, CDCls) & 7.44 — 7.27 (m, 5H), 6.35 (t, J = 1.0 Hz, 1H), OH O
5.83 (t, J = 1.2 Hz, 1H), 5.57 (s, 1H), 4.13 (t, J = 6.6 Hz, 2H), 3.06 (s, 1H),

13 07N
1.68 — 1.53 (m, 2H), 1.41 — 1.24 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H). 3*C-NMR
(75 MHz, CDCl5) 6 166.41, 142.12, 141.31, 128.41, 127.79, 126.55, 125.96,
73.40, 64.81, 30.49, 19.09, 13.66.
benzyl 2-(hydroxy(phenyl)methyl)acrylate
'H-NMR (300 MHz, CDCl5) § 7.41 — 7.32 (m, 8H), 7.29 — 7.24 (m, 2H), 6.42 OH O
(t,J=0.9 Hz, 1H), 5.89 (d, J = 1.2 Hz, 1H), 5.60 (s, 1H), 5.16 (s, 2H), 3.01 (s, o
1H). 3C-NMR (75 MHz, CDCl3) & 166.08, 141.94, 141.21, 135.48, 128.56, /\©
128.47,128.29, 128.07, 127.88, 126.65, 126.46, 73.28, 66.66.
tert-butyl 2-(hydroxy(phenyl)methyl)acrylate
'H-NMR (300 MHz, CDCls) & 7.41 — 7.25 (m, 5H), 6.27 (dd, J = 1.3, 0.7 Hz, 1H), OH O J<
@)

5.73 (t, J = 1.3 Hz, 1H), 5.51 (s, 1H), 3.14 (s, 1H), 1.41 (s, 9H). *C-NMR (75 MHz,
CDCl3) & 165.67, 143.36, 141.57, 128.33, 127.65, 126.51, 125.36, 81.67, 73.56,

27.94.



Synthesis of Morita Baylis Hillman Fluorides
OH O

F
DAST o
- -
R)\H/U\O DCM’ _78 OC R)\”/Lko

DAST (1.1 or 1.2 equiv.) was added to DCM at -78 °C. To this, a precooled solution of MBH adduct (1
equiv) in DCM was added slowly. The mixture was stirred for 30 minutes and then quenched with sat.
NaHCOs; solution. The mixture was extracted twice with DCM. The combined organic layers were dried
over Na,SO4 and concentrated under reduced pressure. The crude product was purified by flash column
chromatography using either EA in PE or Ether in PE.[!

ethyl 2-(fluoro(phenyl)methyl)acrylate

1H-NMR (300 MHz, CDCls) § 7.48 — 7.31 (m, 5H) 6.47 (dt, J = 2.8, 1.0 Hz, 1H), E o
6.30 (dt, J = 46.0, 1.2 Hz, 1H), 6.03 (t, J = 1.3 Hz, 1H), 4.18 (qd, J = 7.1, 4.5 Hz,

2H), 1.24 (t, J = 7.1 Hz, 3H).3C-NMR (75 MHz, CDCls) 6 164.73 (d, Jcs = 6.4 Hz),

139.60 (d, Jcr = 22.5 Hz), 137.46 (d, Jer = 20.4 Hz), 128.92 (d, Jer = 2.8 Hz),

128.46 , 127.14 (d, Jor = 5.6 Hz), 125.62 (d, Jcr = 8.9 Hz), 90.85 (d, Jer = 173.7 Hz), 60.97 , 14.01. °F-NMR
(377 MHz, CDCl3) 6 -170.97 (d, Jur = 47.5 Hz).

o

butyl 2-(fluoro(phenyl)methyl)acrylate

1H-NMR (300 MHz, CDCls) & 7.49 — 7.30 (m, 5H), 6.47 (dt, J = 2.9, 1.1 Hz,
1H), 6.29 (dt, Jur = 46.2, 1.3 Hz, 1H), 6.03 (t, J = 1.3 Hz, 1H), 4.23 —3.99 (m,
2H), 1.70 - 1.49 (m, 3H), 1.41 — 1.18 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H).C-
NMR (75 MHz, CDCls) & 164.80 (d, Jcr = 6.5 Hz), 139.55 (d, Jcr = 22.5 Hz),
137.43 (d, Jos = 20.2 Hz), 128.94 (d, Jor = 2.8 Hz), 128.47 , 127.17 (d, Jer = 5.5 Hz), 125.68 (d, Jcr = 8.9 Hz),
90.88 (d, Jor = 173.7 Hz), 64.83 , 30.46 , 19.04 , 13.64 . *F-NMR (377 MHz, CDCl3) -170.52 (d, Jy.r = 48.6
Hz). HRMS [EI]: m/z calculated for CisH17FO, [M]*236.1213, found 236.1209. IR (ATR): v = 2958, 1716,
1631, 1454, 1261, 1145, 999, 848, 759 cm"

F (0]
O/\/\

benzyl 2-(fluoro(phenyl)methyl)acrylate

H-NMR (300 MHz, CDCls) § 7.42 — 7.31 (m, 8H), 7.27 — 7.20 (m, 2H), 6.53 F

(dt, /= 2.9, 1.0 Hz, 1H), 6.31 (dt, J = 46.0, 1.3 Hz, 1H), 6.07 (t, J = 1.2 Hz,
1H), 5.16 (q, J = 12.4 Hz, 2H). BC-NMR (75 MHz, CDCls) & 164.54 (d, Jes = /\©
6.3 Hz), 139.30 (d, Jer = 22.8 Hz), 137.28 (d, Jcr = 20.2 Hz), 135.40 ,

128.53, 128.51, 128.28 , 128.07 , 127.23 (d, Jcr = 5.6 Hz), 126.29 (d, Jer = 8.9 Hz), 90.83 (d, Jer = 174.2
Hz), 66.71 . *F-NMR (377 MHz, CDCls) & -170.64 (d, Jur = 48.7 Hz). HRMS [EI]: m/z calculated for
C17H1sFO; [M]*270.1056, found 270.1051. IR (ATR): v = 2951, 1724, 1647, 1454, 1269, 1161, 975, 952

cm™?

tert-butyl 2-(fluoro(phenyl)methyl)acrylate

F (@] J<
1H-NMR (300 MHz, CDCl3) § 7.43 — 7.32 (m, 5H), 6.39 (dt, J = 3.2, 1.2 Hz, 1H), (0]
6.23 (dt, J = 46.5, 1.4 Hz, 1H), 5.96 (t, J = 1.4 Hz, 1H), 1.38 (s, 9H). **C-NMR (75



MHz, CDC|3) 6 163.93 (d, Jer=6.4 HZ), 140.81 (d, Jer=21.8 HZ), 137.67 (d, Jer=20.1 HZ), 128.86 (d, Jer=
2.8 Hz), 128.41, 127.26 (d, Jcr = 5.4 Hz), 124.84 , 91.09 (d, Jer = 173.7 Hz), 81.58 , 27.89 .2%F-NMR (377
MHz, CDCl3) 6 -169.88 (d, Ji.r = 47.2 Hz).

Synthesis of silylated phasphonate

Under nitrogen enviroment a 2.5M solution of n-Buli in hexane at 0 °C added dropwise to a stirring
solution of Diisopropylamine (1 equiv.) in THF. The reaction mixture was sitrred at at 0 °C for additional
30min. Now the solution was cooled to -78 °C and alkanephosphaonate (1 equiv.) was added dropwise
to reaction mixture. Stirring continiue at -78 °C for 15 min and a solution of TMS-CI (1 equiv.) was added
and reaction mixture as stirred for additional 20min. A solution of hydrochloric acid (2M) was added to
reaction mixture and make it to slightly acidic Ph. The aqueous phase was extracted with diethyl ether.
The combined organic layer was dired over Na,SO4 and solvents were removed in vacuo and the desired
product was obtained by column chromatography with ethyl acetate in petroleum ether.!?!

Substitution of Allylic Fluorides

N o/
F O O\P/O F F O
(DHQD),PHAL (10 mol%) v ~_F o
Wo/ +(EtO),POCF,TMS o = P WO/
Dioxane:THF (5:1) o
0.2M,0°C
1 2 S-3 R-1

To a dried flask equipped with a stirring bar was added (DHQD),PHAL (10 mol%) and then the flask was
evaporated and refilled with N, for 3 times. The solution (dioxane:THF=5:1) of fluoride 1 was added
followed by the addition of (EtO),P(O)CF,TMS (2) after which the reaction was stirred at 0 °C. The
reaction was monitored by HPLC and after finishing, triphenylmethane was added as the internal
standard to confirm the conversion of fluoride by *H-NMR and then the solvent was removed and the
product was purified by preparative thin layer chromatography.

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3a)

Yield: 47%, 98:2 er, determined by HPLC analysis [Phenomenex Lux Cellulose-1, \
n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 22.18 min, t (minor) o o{
/

= 24.38 min]. *H-NMR (400 MHz, CDCls) & 7.47 — 7.41 (m, 2H), 7.36 — 7.28 (m, P .
3H), 6.57 (s, 1H), 6.26 (s, 1H), 4.91 (ddd, J = 22.0, 16.3, 2.4 Hz, 1H), 4.26 — 4.09 O Ve
(m, 2H), 4.06 — 3.83 (m, 2H), 3.72 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H), 1.18 (t, J = 7.1 o’

Hz, 3H). 3*C-NMR (101 MHz, CDCls) § 166.46 , 135.69 (d, J = 6.1 Hz), 134.19,
130.32,128.56,127.93, 124.21 - 114.34 (m), 64.49 (d, J = 6.6 Hz), 64.06 (d, J =
7.0 Hz), 48.77 (td, J = 19.9, 16.6 Hz), 16.24 (d, J = 5.7 Hz), 16.10 (d, J = 5.8 Hz). 3'P-NMR (162 MHz, CDCls)
5 6.18 (m). **F-NMR (377 MHz, CDCl3) 6 -109.68 (m). HRMS [ESI]: m/z calculated for CiH21F2NaOsP
[M+Na]*385.0992, found 385.1002. IR (ATR): v = 2989, 2360, 1720, 1631, 1438, 1369, 1265, 1165, 1022,
979, 756 cm'™.



F O]

O/

R-1a, 44%, 99:1 er, determined by HPLC analysis [Phenomenex Lux Cellulose-1 n-
hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 9.44 min, t (minor) = 7.56].

ethyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3b)

Yield: 40%, 96:4 er, determined by HPLC analysis [Phenomenex Lux Cellulose-1, \
n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 15.35 min, t o /o{
(minor) = 18.65 min]. *H-NMR (400 MHz, CDCl3) & 7.47 — 7.40 (m, 2H), 7.36 — )
7.27 (m, 3H), 6.57 (s, 1H), 6.24 (s, 1H), 4.91 (ddd, /= 22.4, 15.8, 2.4 Hz, 1H), 4.26
—4.09 (m, 4H), 4.07 —3.83 (m, 2H), 1.29 (td, J = 7.0, 0.7 Hz, 3H), 1.24 (t, J = 7.1
Hz, 3H), 1.17 (t, J = 7.1 Hz, 3H).*C-NMR (101 MHz, CDCl3) & 165.97, 135.87 (dd,
J=6.9,4.3 Hz), 134.27 (dd, /=6.2, 3.7 Hz), 130.37, 128.28, 128.25 — 128.16 (m), 127.90, 124.36 — 114.69
(m), 64.51 (d, J = 7.5 Hz), 64.06 (d, J = 7.6 Hz), 61.28, 48.77 (td, J = 20.2, 16.5 Hz), 16.26 (d, J = 6.0 Hz),
16.11 (d, J = 6.2 Hz). 3'P-NMR (162 MHz, CDCl3) & 10.02 (m). **F-NMR (377 MHz, CDCl3) § -109.66 (m).
HRMS [ESI]: m/z calculated for Ci7H23F;NaOsP [M+Na]*399.1149, found 399.1138. IR (ATR): v = 2985,
2330, 1716, 1631, 1454, 1369, 1253, 1165, 1138, 1022, 979, 794 cm™.

/P\L
g Fo

F O
o

R-1b, 46%, 99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-1, n-
hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 8.13 min, t (minor) = 6.70 min].

butyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3c)

Yield: 43%, 95:5 er, determined by HPLC analysis [Phenomenex Lux

Cellulose-1, n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = \O /o{
P

13.12 min, t (minor) = 16.45 min]. *H-NMR (400 MHz, CDCl3) 6 7.47 — 7.39
(m, 2H), 7.36 — 7.28 (m, 3H), 6.57 (s, 1H), 6.24 (s, 1H), 4.90 (ddd, J = 22.4,
15.7, 2.4 Hz, 1H), 4.25 - 3.97 (m, 5H), 3.95 - 3.84 (m, 1H), 1.64 — 1.58 (m,
2H), 1.36 —=1.27 (m, 5H), 1.18 (t, J = 7.1 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H).**C-
NMR (101 MHz, CDCl3) 6 166.04, 135.88 (d, J = 7.2 Hz), 134.23 (dd, J = 6.4, 3.7 Hz), 130.37, 128.27,
128.20 (d, J=2.7 Hz), 127.90, 122.24 - 115.63 (m), 65.17, 64.49 (d, /= 7.5 Hz), 64.05 (d, J/ = 7.4 Hz), 49.21
- 48.43 (m), 30.53, 16.26 (d, J = 6.0 Hz), 16.11 (d, J = 6.2 Hz), 13.67 . 3'P-NMR (162 MHz, CDCls) & 10.04
(m). *F-NMR (377 MHz, CDCls) 6 -109.62 (m). HRMS [ESI]: m/z calculated for Ci9H,7F.NaOsP [M+Na]*
427.1462, found 427.1469. IR (ATR): v = 2962, 2364, 1716, 1631, 1454, 1269, 1165, 1026, 960, 765 cm™.

F O
O/\/\

R-1c, 35%, 95:5 er, determined by HPLC analysis [Phenomenex Lux
Amylose-1, n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 7.29 min, t (minor) = 6.30 min].



benzyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3d)

Yield: 39%, 96:4 er, determined by HPLC analysis [Phenomenex Lux \
Cellulose-1, n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = o /o{
21.26 min, t (minor) = 26.95 min]. *H-NMR (400 MHz, CDCls) § 7.46 — 7.41 \//P\_LF o
(m, 2H), 7.37 = 7.27 (m, 8H), 6.64 (s, 1H), 6.30 (s, 1H), 5.23 = 5.09 (m, 2H),
4.93 (ddd, J = 22.2, 15.9, 2.4 Hz, 1H), 4.25 — 4.09 (m, 2H), 4.07 — 3.98 (m, O/\©
1H), 3.95 — 3.83 (m, 1H), 1.29 (t, J = 7.1 Hz, 3H), 1.17 (t, J = 7.1 Hz, 3H).*3C-

NMR (101 MHz, CDCls) 6 165.81, 135.62, 134.10 (dd, J = 5.5, 3.5 Hz), 130.41, 128.91 — 128.77 (m),
128.49, 128.32, 128.23 — 127.91 (m), 125.24 — 114.28 (m), 67.04, 64.51 (d, / = 6.8 Hz), 64.07 (d, /= 7.0
Hz), 48.88 (td, J = 19.6, 16.6 Hz), 16.25 (d, J = 5.7 Hz), 16.10 (d, J = 5.8 Hz). 3!P-NMR (162 MHz, CDCls) &
10.00 (m). ¥F-NMR (377 MHz, CDCls) & -109.59 (m). HRMS [ESI]: m/z calculated for CyHasF,NaOsP
[M+Na]*461.1305, found 461.1310. IR (ATR): v = 2985, 2360, 1716, 1627, 1454, 1269, 1165, 1026, 960,
794cm™,

F O

O/\@
R-1d, 27%, 92:8 er, determined by HPLC analysis [Phenomenex Amylose-1,
n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 10.65 min, t (minor) = 9.54 min].

tert-butyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3e)

Yield: 34%, 96:4 er, determined by HPLC analysis [Phenomenex Lux Amylose-1, \ J
n-hexane/EtOH = 99/1, 0.7 mL/min, A = 220 nm, t (major) = 15.11 min, t (minor) o. 0O F
= 19.92 min]. H-NMR (400 MHz, CDCls) & 7.45 — 7.38 (m, 2H), 7.36 — 7.28 (m,
3H), 6.48 (s, 1H), 6.14 (s, 1H), 4.84 (ddd, J = 22.7, 15.5, 2.4 Hz, 1H), 4.29 — 4.11 )<
(m, 2H), 4.06 — 3.83 (m, 2H), 1.40 (s, 9H), 1.29 (t, J = 7.0 Hz, 3H), 1.17 (t, J = 7.1 o

Hz, 3H). 3C-NMR (101 MHz, CDCls) 6 165.11, 138.18 — 136.58 (m), 134.51,

130.41, 128.20, 127.79, 127.33 (t, J = 2.5 Hz), 124.21 — 117.54 (m), 81.36, 64.24 (dd, J = 47.7, 6.9 Hz),
48.85 (td, J = 19.6, 16.6 Hz), 27.89, 16.27 (d, J = 5.7 Hz), 16.11 (d, J = 5.9 Hz). 3'P-NMR (162 MHz, CDCl3) &
10.09 (m). ¥F-NMR (377 MHz, CDCls) 6 -109.89 (m). HRMS [ESI]: m/z calculated for CisHa7F,NaOsP
[M+Na]*427.1462, found 427.1465. IR (ATR): v = 2981, 2360, 1716, 1631, 1454, 1369, 1257, 1153, 1026,
979, 744 cm™.

F (0] J<
WO
R-1e, 51%, 82:18 er, determined by HPLC analysis [Phenomenex Lux Amylose -1,

n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 6.23 min, t (minor) = 5.82 min].

/P\L
o = FO

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-(4-
nitrophenyl)butanoate (S-3g)

Yield: 55%, 95:5 er, determined by HPLC analysis [Phenomenex Lux
Cellulose-1, n-hexane/i-PrOH = 90/10, 0.7 mL/min, A = 220 nm, t (major) =
21.55 min, t (minor) = 16.46 min]. *H-NMR (400 MHz, CDCl5) § 8.23 — 8.14
(m, 2H), 7.64 —7.56 (m, 2H), 6.64 (s, 1H), 6.30 (s, 1H), 5.01 (td, J = 18.5, 18.0,




2.3 Hz, 1H), 4.29 — 4.15 (m, 2H), 4.15 — 4.00 (m, 2H), 3.73 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.1
Hz, 3H).3C-NMR (101 MHz, CDCls) 6 165.98, 147.64, 141.70 (t, J = 4.2 Hz), 134.85 — 134.38 (m), 131.22,
129.62 (t, J = 2.6 Hz), 123.39, 121.90 — 116.67 (m), 64.86 (d, J = 6.9 Hz), 64.48 (d, J = 7.0 Hz), 52.55, 48.67
(td, J = 20.2, 16.6 Hz), 16.29 (d, J = 5.5 Hz), 16.16 (d, J = 5.6 Hz). 3'P-NMR (162 MHz, CDCl3) & 9.34 (m).
1F.NMR (377 MHz, CDCls) 6 -110.41 (m). HRMS [ESI]: m/z calculated for CigHzoF2NNaOsP [M+Na]*
430.0843, found 430.0845. IR (ATR): v = 2989, 2360, 1716, 1604, 1523, 1438, 1350, 1253, 1165, 1014,
975, 829 cm™.

F O

O2N R-1g, 38%, >99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-
1, n-hexane/i-PrOH = 98/2, 0.7 mL/min, A = 220 nm, t (major) = 19.04 min, t (minor) = 21.94 min].

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-(3-
nitrophenyl)butanoate (S-3h)

Yield: 46%, 90:10 er, determined by HPLC analysis [Phenomenex Cellulose-1, n-
hexane/i-PrOH = 90/10, 0.7 mL/min, A = 220 nm, t (major) = 23.31 min, t (minor) =
16.27 min]. *H-NMR (400 MHz, CDCls) & 8.31 — 8.24 (m, 1H), 8.18 (ddd, J = 8.3, 2.3,
1.1 Hz, 1H), 7.78 (d, J = 7.7 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 6.67 (s, 1H), 6.34 (s, 1H),
5.14-4.91 (m, 1H), 4.30 — 4.15 (m, 2H), 4.15-4.01 (m, 2H), 3.73 (s, 3H), 1.31 (t, J
= 7.1 Hz, 3H), 1.23 (t, J = 7.1 Hz, 3H). 3C-NMR (101 MHz, CDCls) § 165.99, 148.18,
136.66, 136.56 — 136.26 (m), 134.56 (d, J = 4.7 Hz), 129.71 (t, J = 2.6 Hz), 129.23,
125.01, 123.07, 119.74 (dd, J = 267.4, 53.6 Hz), 64.84 (d, / = 6.9 Hz), 64.49 (d, /= 7.0 Hz), 52.57, 48.52 (td,
J=20.3, 16.5 Hz), 16.28 (d, J = 5.8 Hz), 16.17 (d, J = 5.5 Hz). 3'P-NMR (162 MHz, CDCl3) & 9.39 (m). °F-
NMR (377 MHz, CDCl3) 6 -110.50 (m). HRMS [ESI]: m/z calculated for Ci1¢H20F2NNaO,P [M+Na]*430.0843,
found 430.0845. IR (ATR): v = 2989, 2360, 1720, 1631, 1531, 1442, 1350, 1273, 1165, 1029, 979, 802 cm"

1

NO R-1h, 46%, >99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-1, n-
hexane/EtOH =99/1, 0.7 mL/min, A = 220 nm, t (major) = 27.04 min, t (minor) = 18.09 min].

methyl (S)-4-(1-(diethoxyphosphoryl)-1,1-difluoro-3-(methoxycarbonyl)but-3-en-2-yl)benzoate (S-3i)

Yield: 42%, 96:4 er, determined by HPLC analysis [Phenomenex Lux \

Cellulose-1, n-hexane/i-PrOH = 90/10, 0.7 mL/min, A = 220 nm, t (major) 0. /O{
=19.24 min, t (minor) = 14.66 min]. *H-NMR (400 MHz, CDCls) 6 8.03 —
7.97 (m, 2H), 7.51 (d, J = 8.1 Hz, 2H), 6.60 (s, 1H), 6.27 (s, 1H), 4.96 (td, J
=18.8, 2.4 Hz, 1H), 4.27 — 4.11 (m, 2H), 4.10 — 3.93 (m, 2H), 3.91 (s, 3H),
3.72 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H). 3C-NMR (101
MHz, CDCls) 6 166.72, 166.23, 139.43 (q, / = 3.9 Hz), 135.08 (dd, J = 5.7,

e




2.9 Hz), 130.33, 129.76, 129.53, 129.16, 120.02 (td, J = 267.3, 213.9 Hz), 64.68 (d, / = 6.8 Hz), 64.26 (d, J =
7.1 Hz), 52.42, 52.14, 48.74 (td, J = 20.0, 16.7 Hz), 16.27 (d, J = 5.6 Hz), 16.14 (d, J = 5.7 Hz). 3P-NMR
(162 MHz, CDCl3) & 9.67 (m). **F-NMR (377 MHz, CDCl3) & -110.20 (m). HRMS [ESI]: m/z calculated for
CigHa3FaNaO;P [M+Na]* 443.1047, found 443.1039. IR (ATR): v = 2989, 2360, 1720, 1612, 1438, 1273,
1165, 1107, 1018, 964, 767 cm™™.

F O

O/

MeOOC R-1i, 47%, >99:1 er, determined by HPLC analysis [Phenomenex Lux
Amylose-1, n-hexane/i-PrOH = 99/1, 0.7 mL/min, A = 220 nm, t (major) = 21.48 min, t (minor) = 24.88
min].

methyl (S)-3-(4-cyanophenyl)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylenebutanoate ($-3j)

Yield: 54%, 95:5 er, determined by HPLC analysis [Phenomenex Lux Cellulose-

1, n-hexane/i-PrOH = 90/10, 0.7 mL/min, A = 220 nm, t (major) = 21.73 min, t \ OJ
(minor) = 20.20 min]. *H-NMR (400 MHz, CDCl3) & 7.67 — 7.59 (m, 2H), 7.58 — Og F
7.51 (m, 2H), 6.62 (s, 1H), 6.28 (s, 1H), 4.94 (td, J = 18.6, 2.4 Hz, 1H), 4.28 —
4.13 (m, 2H), 4.13 -3.98 (m, 2H), 3.72 (s, 3H), 1.31 (t, /= 7.1 Hz, 3H), 1.21 (t, J
= 7.1 Hz, 3H). ®*C-NMR (101 MHz, CDCls) § 166.01, 139.98 — 139.46 (m),
134.64 (dd, J = 5.3, 2.2 Hz), 132.02, 131.07, 129.44 (t, J = 2.6 Hz), 119.81 (td, J
= 267.5, 213.9 Hz), 118.48, 111.97, 64.82 (d, J = 6.7 Hz), 64.41 (d, J = 7.1 Hz), 52.52, 48.87 (td, J = 20.2,
16.7 Hz), 16.28 (d, J = 5.6 Hz), 16.15 (d, J = 5.6 Hz). 3'P-NMR (162 MHz, CDCl3) § 9.38 (m). 9F-NMR (377
MHz, CDCls) § -110.26 (m). HRMS [ESI]: m/z calculated for C17H20F2NNaO5P [M+Na]*410.0945, found
410.0950. IR (ATR): v = 2985, 2360, 1716, 1631, 1504, 1438, 1269, 1165, 1014, 975, 798 cm™.

O’/P\?LF o)

NC

F O

O/

NC R-1j, 29%, >99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-1,
n-hexane/i-PrOH = 98/2, 0.7 mL/min, A = 220 nm, t (major) = 19.39 min, t (minor) = 21.14 min].

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-(4-(trifluoromethyl)phenyl)butanoate
(s-3k)

Yield: 49%, 93:7 er, determined by HPLC analysis [Phenomenex Lux
Cellulose-1, n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) =
18.50 min, t (minor) = 12.01 min]. *H-NMR (400 MHz, CDCl3) & 7.57 (q, J =
8.4 Hz, 4H), 6.62 (s, 1H), 6.29 (s, 1H), 5.08 — 4.85 (m, 1H), 4.27 — 4.12 (m, 2H),
4.10 — 3.92 (m, 2H), 3.72 (s, 3H), 1.29 (t, / = 7.1 Hz, 3H), 1.18 (t, J = 7.1 Hz,
3H). ®C-NMR (101 MHz, CDCl;) § 166.16 (d, J = 1.7 Hz), 138.33, 135.16 = .
134.65 (m), 130.22 (d, J = 32.4 Hz), 129.95 — 128.64 (m), 125.34, 125.21 (q, J
= 3.9 Hz), 122.95 - 114.36 (m), 64.75 (d, J = 7.1 Hz), 64.25 (d, J = 7.5 Hz), 52.47, 48.63 (td, / = 20.4, 16.3
Hz), 16.23 (d, J = 6.2 Hz), 16.03 (d, J = 6.5 Hz). 3'P-NMR (162 MHz, CDCl3) § 9.56 (m). °F-NMR (377 MHz,
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CDCl3) 6 -62.73 (s), -110.20 (m). HRMS [ESI]: m/z calculated for C17H2FsNaOsP [M+Na]*453.0866, found
453.0871. IR (ATR): v = 2989, 2360, 1716, 1620, 1442, 1327, 1253, 1165, 1114, 1018, 979, 806 cm™.

F O

O/

F3C R-1k, 42%, 97:3 er, determined by HPLC analysis [Phenomenex Lux Amylose-1,
n-hexane/EtOH = 99.9/0.1, 0.7 mL/min, A = 220 nm, t (major) = 12.80 min, t (minor) = 14.08 min].

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-(4-(((trifluoromethyl)sulfonyl)oxy)
phenyl)butanoate (S-3l)

Yield: 38%, 96:4 er, determined by HPLC analysis [Phenomenex Lux
Cellulose-1, n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) =
18.45 min, t (minor) = 16.74 min]. *H-NMR (400 MHz, CDCls) § 7.55 — 7.50 (m,
2H), 7.26 — 7.21 (m, 2H), 6.61 (s, 1H), 6.28 (s, 1H), 4.95 (ddd, J = 22.2, 15.1,
2.4 Hz, 1H), 4.27 — 4.12 (m, 2H), 4.09 — 3.88 (m, 2H), 3.73 (s, 3H), 1.30 (t, / =
7.1 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H). *C-NMR (101 MHz, CDCls) & 166.11,
149.20, 135.03 (dd, J = 6.0, 3.6 Hz), 134.89 (q, / = 3.6 Hz), 132.27, 129.00,
121.21, 118.70 (q, J = 320.7 Hz), 64.81 (d, J = 6.6 Hz), 64.29 (d, J = 7.2 Hz), 52.48, 48.18 (td, J = 19.8, 16.8
Hz), 29.70, 16.26 (d, J = 5.4 Hz), 16.10 (d, J = 5.6 Hz).3'P-NMR (162 MHz, CDCl3) 6 9.56 (m). °F-NMR (377
MHz, CDCl3) 6 -72.96 (s), -110.29 (m). HRMS [ESI]: m/z calculated for C17H20F5NaO8PS [M+Na]*
533.0434, found 533.0433. IR (ATR): v = 2993, 2360, 1720, 1500, 1423, 1273, 1138, 1018, 979, 736 cm™.

TfO

F O

TfO R-1l, 43%, 99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-1,
n-hexane/i-PrOH = 99/1, 0.7 mL/min, A = 220 nm, t (major) = 10.68 min, t (minor) = 11.87 min].

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-3-(4-fluorophenyl)-2-
methylenebutanoate (S-3m)

Yield: 42%, 97:3 er, determined by HPLC analysis [Phenomenex Lux Cellulose-1,
n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 20.26 min, t
(minor) = 14.47 min]. 'H-NMR (400 MHz, CDCl3) & 7.40 (dd, J = 8.5, 5.3 Hz, 2H),
7.08 — 6.96 (m, 2H), 6.57 (s, 1H), 6.25 (s, 1H), 4.89 (ddd, J = 22.0, 15.7, 2.4 Hz,
1H), 4.28 - 4.12 (m, 2H), 4.11 -3.89 (m, 2H), 3.72 (s, 3H), 1.31 (t,J=7.1Hz,3H), F
1.20 (t, J = 7.1 Hz, 3H). 3C-NMR (101 MHz, CDCl5) § 166.34, 163.77, 161.32, 135.93 — 135.19 (m), 132.01
(d, J = 8.7 Hz), 130.06 — 129.76 (m), 128.53, 127.03 — 119.00 (m), 115.23 (d, J = 21.6 Hz), 64.41 (dd, J =
46.3, 7.3 Hz), 52.39, 48.08 (td, J = 20.3, 16.8 Hz), 16.29 (d, J = 6.1 Hz), 16.14 (d, J = 5.8 Hz). 3'P-NMR (162
MHz, CDCls) & 9.81 (m). ®F-NMR (377 MHz, CDCls) & -110.01 (m), -114.43 (m). HRMS [ESI]: m/z
calculated for CigH20F3NaOsP [M+Na]*403.0898, found 403.0891. IR (ATR): v = 2985, 2364, 1716, 1508,
1438, 1269, 1165, 1026, 975, 798 cm™.
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F R-1m, 46%, >99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-1,
n-hexane/EtOH = 99.9/0.1, 0.7 mL/min, A = 220 nm, t (major) = 14.96 min, t (minor) = 16.02 min].

methyl (S)-3-(4-bromophenyl)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylenebutanoate (S-3n)

Yield: 49%, 96:4 er, determined by HPLC analysis [Phenomenex Lux Cellulose-

1, n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 20.91 min, t \ OJ
(minor) = 14.17 min]. *H-NMR (400 MHz, CDCl3) § 7.51 — 7.40 (m, 2H), 7.30 (d, O F
J=8.2 Hz, 2H), 6.58 (d, J = 1.3 Hz, 1H), 6.24 (s, 1H), 4.94 — 4.76 (m, 1H), 4.28 —
4.11 (m, 2H), 4.11 — 3.93 (m, 2H), 3.72 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H), 1.20 (t, J
= 7.1 Hz, 3H).*C-NMR (101 MHz, CDCl3) 6 166.25 (d, J = 1.8 Hz), 135.20 (dd, J
=6.1, 4.6 Hz), 133.22 (dd, /=6.2, 4.1 Hz), 131.99, 131.46, 128.76 (t, J = 3.0 Hz),
122.25,124.61-116.07 (m), 64.68 (d, J = 7.7 Hz), 64.24 (d, /= 7.5 Hz), 52.42, 48.30 (td, J = 20.2, 16.4 Hz),
16.27 (d, J = 6.2 Hz), 16.12 (d, J = 6.3 Hz).2®F-NMR (377 MHz, CDCl5) § -110.05 (m). HRMS [ESI]: m/z
calculated for CigH20BrF,NaOsP [M+Na]*463.0097, found 463.0102. IR (ATR): v = 2993, 2360, 1712, 1631,
1489, 1361, 1269, 1165, 1010, 979, 794 cm™.

73

F O

Br R-1n, 44%, 99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-1,
n-hexane/EtOH = 99.9/0.1, 0.7 mL/min, A = 220 nm, t (major) = 17.39 min, t (minor) = 22.47 min].

methyl (S)-3-(3-bromophenyl)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylenebutanoate (S-30)

Yield: 42%, 97:3 er, determined by HPLC analysis [Phenomenex Lux Cellulose-1, n-

hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 25.09 min, t (minor) = \O OJ
~ F
P

17.07 min]. *H-NMR (400 MHz, CDCls) § 7.59 — 7.54 (m, 1H), 7.44 (ddd, J = 8.0, 2.0,
1.1 Hz, 1H), 7.40 — 7.33 (m, 1H), 7.20 (t, J = 7.9 Hz, 1H), 6.60 (s, 1H), 6.25 (s, 1H),
4.87 (td, J=19.3,18.8, 2.4 Hz, 1H), 4.27 — 4.12 (m, 2H), 4.12 — 3.93 (m, 2H), 3.73 (s,
3H), 1.30 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.1 Hz, 3H). 3C-NMR (101 MHz, CDCls)
166.22, 136.50 (d, J = 2.3 Hz), 135.06 (dd, J = 5.4, 2.3 Hz), 133.09, 131.10, 129.82,
129.11 (d, J=1.9 Hz), 122.27, 120.02 (td, J = 267.3, 213.8 Hz), 64.67 (d, / = 6.7 Hz),
64.23 (d, J = 7.0 Hz), 52.44 , 48.42 (td, J = 20.1, 16.7 Hz), 16.26 (d, J = 5.6 Hz), 16.13 (d, J = 5.8 Hz).3!P-
NMR (162 MHz, CDCl3) § 9.70 (m). *F-NMR (377 MHz, CDCl3) 6 -110.06 (m). HRMS [ESI]: m/z calculated
for Ci6H20BrF2NaOsP [M+Na]* 463.0097, found 463.0109. IR (ATR): v = 2985, 2364, 1716, 1627, 1570,
1438, 1269, 1165, 1014, 979, 783 cm™.

Br
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Br R-10, 25%, >99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-1, n-
hexane/EtOH =99.9/0.1, 0.7 mL/min, A = 220 nm, t (major) = 16.23 min, t (minor) = 14.12 min].

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-3-(4-iodophenyl)-2- \ J
methylenebutanoate (S-3p) O. O =

Yield: 44%, 95:5 er, determined by HPLC analysis [Phenomenex Lux Cellulose-1,
n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 21.62 min, t
(minor) = 14.65 min]. *H-NMR (400 MHz, CDCl3) § 7.72 — 7.61 (m, 2H), 7.17 (d, J
= 8.1 Hz, 2H), 6.57 (s, 1H), 6.24 (s, 1H), 4.84 (ddd, J = 20.0, 17.1, 2.3 Hz, 1H),
4.27 - 4.11 (m, 2H), 4.11 = 3.92 (m, 2H), 3.72 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H), 1.21 (t, J = 7.1 Hz, 3H).3C-
NMR (101 MHz, CDCls) & 166.24, 137.45, 135.45 — 135.01 (m), 134.38 — 133.36 (m), 132.23,128.76 (t, J =
2.5 Hz), 120.03 (td, J = 267.4, 213.8 Hz), 93.93, 64.66 (d, /= 6.8 Hz), 64.24 (d, J = 7.1 Hz), 52.41, 48.43 (td,
J=19.9, 16.6 Hz), 16.27 (d, J = 5.6 Hz), 16.12 (d, J = 5.8 Hz).2°F-NMR (377 MHz, CDCls) & -110.04 (m).
HRMS [ESI]: m/z calculated for CigHaoF2INaOsP [M+Na]*510.9959, found 510.9973. IR (ATR): v = 2985,
2360, 1716, 1627, 1485, 1438, 1269, 1165, 1026, 979, 794, 748 cm™.

F O

O/

| R-1p, 26%, >99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-1,
n-hexane/i-PrOH = 99/1, 0.7 mL/min, A = 220 nm, t (major) = 10.49 min, t (minor) = 11.57 min].

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-3-(3-methoxyphenyl)-2-methylenebutanoate (S-3q)

Yield: 44%, 96:4 er, determined by HPLC analysis [Phenomenex Lux Cellulose-1, n- \
hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 25.16 min, t (minor) = o /o{
23.10 min]. *H-NMR (400 MHz, CDCls) & 7.24 (t, J = 8.0 Hz, 1H), 7.02 (d, J = 7.7 Hz, )
1H), 6.97 (t, J = 2.0 Hz, 1H), 6.84 (dd, J = 8.2, 2.6 Hz, 1H), 6.57 (s, 1H), 6.25 (s, 1H),
4.88 (td, J = 19.0, 2.4 Hz, 1H), 4.28 = 4.11 (m, 2H), 4.11 — 3.89 (m, 2H), 3.80 (s, 3H),
3.73 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H), 1.20 (t, J = 7.1 Hz, 3H).®*C-NMR (101 MHz,
CDCls) 6 166.46 (d, J = 1.5 Hz), 159.41, 136.21 - 135.11 (m), 129.23,128.79 (t, /=
2.7 Hz), 122.71,125.01 - 116.38 (m), 116.11, 113.28, 64.54 (d, J = 7.4 Hz), 64.15 (d,
J=7.3Hz), 55.23,52.36, 48.64 (td, J = 20.1, 16.6 Hz), 16.27 (d, J = 6.6 Hz), 16.14 (d, J = 6.3 Hz). a3'P-NMR
(162 MHz, CDCl3) & 10.02 (m). °F-NMR (377 MHz, CDCl3) & -109.87 (m). HRMS [ESI]: m/z calculated for
Ci7H23FNaOgP [M+Na]*415.1098, found 415.1094. IR (ATR): v = 2985, 2333, 1716, 1600, 1438, 1265,
1165, 1026, 979, 779 cm™.

/P\L
g Fo

~
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o< R-1q, 40%, 99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-1, n-

hexane/EtOH =99/1, 0.7 mL/min, A = 220 nm, t (major) = 11.39 min, t (minor) = 10.31 min].
methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-(naphthalen-2-yl)butanoate (S-3r)

Yield: 45%, 94:6 er, determined by HPLC analysis [Phenomenex Lux

Cellulose-1, n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = \ OJ
25.07 min, t (minor) = 18.52 min]. *H-NMR (400 MHz, CDCl3) 6 7.90 (s, 1H), Oy F
7.86 —7.79 (m, 3H), 7.54 (d, J = 8.6 Hz, 1H), 7.51 — 7.44 (m, 2H), 6.62 (s, 1H),
6.34 (s, 1H), 5.09 (ddd, J = 20.6, 17.3, 2.4 Hz, 1H), 4.26 — 4.10 (m, 2cH), 4.06 —
3.95 (m, 1H), 3.91 — 3.80 (m, 1H), 3.72 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H), 1.07 (t,
J =7.1 Hz, 3H).3C-NMR (101 MHz, CDCl3) 6 166.48, 135.54, 133.12, 132.87,
131.53 (d, J = 4.8 Hz), 129.75, 128.77 (t, J = 2.4 Hz), 128.05, 127.92, 127.70, 127.50, 126.26, 126.14,
124.64 — 115.00 (m), 64.59 (d, J = 6.6 Hz), 64.11 (d, / = 7.0 Hz), 52.38, 48.86 (td, / = 19.7, 16.5 Hz), 16.25
(d, J=5.7 Hz), 16.01 (d, J = 5.8 Hz). 3'P-NMR (162 MHz, CDCls) & 10.04 (m). **F-NMR (377 MHz, CDCl3) 6 -
109.74 (m). HRMS [ESI]: m/z calculated for CyoH»3F2NaOsP [M+Na]*435.1149, found 435.1141. IR (ATR):
v = 2947, 2360, 1739, 1365, 1215, 1029 cm™.

T
R-1r, 43%, >99:1 er, determined by HPLC analysis [Phenomenex Lux Amylose-
1, n-hexane/EtOH = 99.9/0.1, 0.7 mL/min, A = 220 nm, t (major) = 22.00 min, t (minor) = 23.71 min].

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-(p-tolyl)butanoate ($-3s)

Yield: 40%, 97:3 er, determined by HPLC analysis [Phenomenex Lux Cellulose-1, \
n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 19.10 min, t o /o{
(minor) = 17.42 min]. *H-NMR (400 MHz, CDCl3) § 7.31 (d, J = 7.9 Hz, 2H), 7.18 — \’/P\_LF o
7.10 (m, 2H), 6.56 (s, 1H), 6.24 (s, 1H), 4.86 (ddd, J = 20.6, 17.4, 2.3 Hz, 1H), 4.29 o =
—4.09 (m, 2H), 4.09 — 3.85 (m, 2H), 3.72 (s, 3H), 2.33 (s, 3H), 1.29 (t, J = 7.1 Hz,
3H), 1.19 (t, J = 7.1 Hz, 3H). 3C-NMR (101 MHz, CDCl3) § 166.52, 137.70, 136.00
— 135.46 (m), 131.07 (dd, J = 5.8, 3.5 Hz), 130.16, 129.04, 128.44 (t, J = 2.5 Hz), 120.38 (td, J = 267.1,
213.5 Hz), 64.47 (d, /= 6.7 Hz), 64.10 (d, / = 6.9 Hz), 52.30, 48.39 (td, J = 19.9, 16.7 Hz), 21.07, 16.26 (d, J
=5.7 Hz), 16.11 (d, / = 5.9 Hz). **F-NMR (377 MHz, CDCl3) 6 -109.54 (m). HRMS [ESI]: m/z calculated for
Ci7H23F;NaOsP [M+Na]*399.1149, found 399.1140. IR (ATR): v = 2985, 2333, 1720, 1631, 1512, 1438,
1469, 1165, 1022, 975, 794 cm™.

F O

O/

R-1s, 45%, 95:5 er, determined by HPLC analysis [Phenomenex Lux Amylose-1, n-
hexane/EtOH =99.9/0.1, 0.7 mL/min, A = 220 nm, t (major) = 14.02 min, t (minor) = 16.06 min].
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methyl (S)-4-(diethoxyphosphoryl)-3-(3,5-dimethylphenyl)-4,4-difluoro-2-methylenebutanoate ($-3t)

Yield: 41%, 97:3 er, determined by HPLC analysis [Phenomenex Lux Cellulose-1,
n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 17.93 min, t \ OJ
(minor) = 12.82 min]. *H-NMR (400 MHz, CDCls) & 7.03 (s, 2H), 6.93 (s, 1H), 6.57 O F
(s, 1H), 6.24 (s, 1H), 4.84 (td, J = 19.3, 2.4 Hz, 1H), 4.27 — 4.11 (m, 2H), 4.06 (dp,
J=10.1, 7.0 Hz, 1H), 3.92 (ddq, J = 10.1, 8.6, 7.1 Hz, 1H), 3.73 (s, 3H), 2.30 (s,
6H), 1.30 (t, J = 7.1 Hz, 3H), 1.20 (t, J = 7.1 Hz, 3H).3C-NMR (101 MHz, CDCls) &
166.57, 137.71, 136.00 — 135.39 (m), 133.91, 129.62, 128.74 (t, J = 2.3 H2),
128.02, 126.14 — 116.98 (m), 64.47 (d, J = 6.8 Hz), 64.06 (d, J = 6.8 Hz), 52.34,
48.49 (td, J = 19.8, 16.4 Hz), 21.31, 16.26 (d, J = 5.6 Hz), 16.12 (d, J = 5.8 Hz). 3'P-NMR (162 MHz, CDCl3) §
10.21 (m). ¥F-NMR (377 MHz, CDCls) & -109.52 (m). HRMS [ESI]: m/z calculated for CigHasF,NaOsP
[M+Na]*413.1305, found 413.1304. IR (ATR): v = 2985, 2360, 1720, 1604, 1438, 1369, 1269, 1165, 1026,
979, 798 cm™.

/P\L
o : FO

F O

O/

R-1t, 48%, 97:3 er, determined by HPLC analysis [Phenomenex Lux Amylose-1, n-
hexane/EtOH =99.9/0.1, 0.7 mL/min, A = 220 nm, t (major) = 11.48 min, t (minor) = 10.60 min].

methyl (S)-3-(4-(tert-butyl)phenyl)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylenebutanoate (S-3u)

Yield: 30%, 96:4 er, determined by HPLC analysis [Phenomenex Cellulose-1, \

n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 220 nm, t (major) = 15.56 min, t o OJ
<~/

(minor) = 12.08 min]. 'H-NMR (400 MHz, CDCls) § 7.39 — 7.31 (m, 4H), 6.56 (s, P cFF °
o =

1H), 6.26 (s, 1H), 4.89 (ddd, J = 23.3, 15.1, 2.4 Hz, 1H), 4.30 — 4.07 (m, 2H),
3.98 (dg, J = 9.8, 7.0 Hz, 1H), 3.89 —3.78 (m, 1H), 3.73 (s, 3H), 1.32 - 1.25 (m,
12H), 1.15 (t, J = 7.1 Hz, 3H). 3C-NMR (101 MHz, CDCls) 6§ 166.57, 150.82,
135.82,132.62, 131.03, 129.96, 125.29, 64.49 (d, J = 7.0 Hz), 63.97 (d, /= 7.3
Hz), 52.33, 48.20 (d, J = 17.0 Hz), 34.48, 31.29, 16.25 (d, J = 6.3 Hz), 16.10 (d, J = 6.2 Hz). 3'P-NMR (162
MHz, CDCls) 6§ 10.096 (m). *F-NMR (377 MHz, CDCl3) 6 -109.72 (m). HRMS [ESI]: m/z calculated for
Ca0H29F2NaOsP [M+Na]*441.1618, found 441.1612. IR (ATR): v = 2966, 2360, 1720, 1631, 1365, 1269,
1026, 979, 798 cm™.

F 0]

O/

R-1u, 52%, 91:9 er, determined by HPLC analysis [Phenomenex Lux Amylose-1,
n-hexane/EtOH = 99.9/0.1, 0.7 mL/min, A = 220 nm, t (major) = 12.62 min, t (minor) = 13.82 min].
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General procedure for Hydrogenation of Substitution products

N L/ N o/

O\P/ F O\P/ F

Pd/C, H, (1 atm)

o

MeO MeOH MeO

S-3q

The substrate (1 equiv.) was dissolved in MeOH (1mL) and degassed with nitrogen for 5 minutes. Pd/C
(10 mol%) was added and hydrogen was bubbled through the mixture until observed to be completed
(by GC-MS). The reaction mixture was filtered on a plug of silica eluting with ethyl acetate if not stated
differently.

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (6)

Yield: 96%. *H-NMR (300 MHz, CDCls) & 7.21 (t, J = 7.9 Hz, 1H), 6.97 — 6.88 (m,

2H), 6.81 (dd, J = 8.2, 2.6 Hz, 1H), 4.25 — 4.02 (m, 2H), 3.87 —3.70 (m, 5H), 3.64 — \o o/
3.53 (m, 1H), 3.42 (s, 3H), 3.37 —3.26 (m, 1H), 1.44 (dd, J = 7.0, 2.9 Hz, 3H), 1.25 P F
(t, J = 7.0 Hz, 3H), 1.06 (t, J = 7.0 Hz, 3H).*3*C-NMR (101 MHz, CDCls) § 174.50 (d,
J=1.6 Hz), 159.18, 135.84 (d, J = 10.1 Hz), 128.97, 122.96 (d, J = 2.1 Hz), 119.32
(d, J=214.3 Hz), 116.09 (d, J = 2.2 Hz), 113.65, 64.56 (d, J = 6.4 Hz), 63.66 (d, J =
7.0 Hz), 55.23, 52.25 (td, J = 18.8, 15.8 Hz), 51.61, 41.82 (dd, J = 7.2, 4.4 Hz),
17.06 (d, J = 6.3 Hz), 16.26 (d, J = 5.7 Hz), 16.02 (d, J = 5.8 Hz).3'P-NMR (162 MHz,
CDCl3) 6 9.39 (m). **F-NMR (377 MHz, CDCl3) & -101.54 (m), -116.76 (m). HRMS [ESI]: m/z calculated for
Ci7H26F206P [M+H]*395.1435, found 395.1431. IR (ATR): v = 2989, 2360, 1720, 1631, 1438, 1369, 1265,
1165, 1022, 979, 756 cm™.

/P\L
g Fo

OMe

methyl 4-(diethoxyphosphoryl)-2-methylene-3-phenylpentanoate (9)

Yield: 19%. 'H-NMR (300 MHz, CDCls) 7.29 — 7.26 (m, 2H), 7.20 — 7.10 (m, 3H), L

6.22 (s, 1H), 5.69 (s. 1H), 4.02 (t, J = 10.5 Hz, 1H), 3.78 —=3.65 (m, 4H), 3.62 (s, o

3H), 3.45—3.37 (m, 1H), 2.74 (ddd, J = 18.5, 11.2, 7.2 Hz, 1H), 1.19 (dd, J = 17.8, PN 50

7.1 Hz, 4H), 1.06 (t, J = 7.0 Hz, 3H), 0.96 ( t, J = 7.0 Hz, 3H). *C-NMR (75 MHz, o o
CDCls) & 167.08, 141.67 (d, J = 16.9 Hz), 141.20 (d, J = 2.6 Hz), 129.13, 128.17, o~

126.84,125.88, 61.45 (d, J = 6.9 Hz), 61.31 (d, J = 7.1 Hz), 52.04, 49.43, 34.30 (d,

142.1 Hz), 16.35 (d, J = 4.0 Hz), 16.29 (d, J = 3.8 Hz), 13.89 (d, J = 4.9 Hz). 3'P-

NMR (162 MHz, CDCls) 6 32.58. HRMS [EIl]: m/z calculated for C17H250sP [M] 340.1445, found 340.1446.
IR (ATR): v = 2981, 1625, 1438, 1311, 1240, 1056, 761 cm™. Due to the relatively low yield of the isolated
product we refrain from commenting on reaction diastereoselectivity and the relative configuration of
the product has not been determined.
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Copies of NMR spectra
ethyl 2-(hydroxy(phenyl)methyl)acrylate
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tert-butyl 2-(hydroxy(phenyl)methyl)acrylate

o o o o o (=] o o o o o o o o o
o (=] (=] o o o o o o (=3 o o (=] o o o o (=] o (=] (=] o o o o (=] (=] (=] (=] o o
(=] o (=] o o o o o o o (=] (=] 1=} o o o o o o o (=] o o o o o (=] (=] (=] (=] o I=)
o n (=] n o n o n o wn o o n O < o o «© e <+ N (=] @ O < o~ o (=] o o o ~
O wn wn < <+ M o0 o~ ~N — — [} o i (] [l [l oM o~ o~ o~ o~ ~N — — - — — @ O <+ o~ o D
L L L L L L L L L L L L L L 0. L L L L L L L L L L L L L L L L L L L L
o
1
o
<
-
V62—
W1 — J — Tc.m n
-
N
N
1
~
<
-
PTE— — 8°0
95°6L — o
n
«
£9°18 — —_—;
13
o8
+&
-
=t
\n
<
<
I
T a 9e'se1
\u 60 [ N
15921~ —
89421 —F —_—
- Foor /

WNc.m

6.0

6.5

7.0

7.5

€€'8CT

LS THT —
9E'EPT —

£9'69T —

CHy

OH

CHy

CH,

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

80

21



ethyl 2-(fluoro(phenyl)methyl)acrylate
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benzyl 2-(fluoro(phenyl)methyl)acrylate
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methy! (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3a)

55000
50000
45000
40000
35000
30000
25000
20000
15000
10000
5000

0

F-5000

8Tt 7

o0z
12
wy |

L

3%
vy
98
98
06’
06
6%
6
6
96t
92'9
159
T
622
62 1
622
0£°z
0€° 1
T
ey
7€'
e
€74
€672

PEL A
bEL
vEL
se's w
WL x\

WL
vl

YrL

Fsoe
Fore

Fsoe
Fsoz

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)

7.0

7.5

66'v1T
LL8TT /
jiara /
S6'1CT /
€6°LTT

1€'82T /
95°82T —2
zer0e1

6T'bET 71
99'SET \

TLSET

9b°99T —

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000
+-10000

-10 -20

0

60 50 40 30 20

70

cn,
T T T T
190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

250 240 230 220 210 200




F YuuuU

85000

80000

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

o

r-5000

0
f1 (ppm)

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

1
-100

r6.5E+07
r6.0E+07
r5.5E+07
r5.0E+07
r4.5E+07
r4.0E+07
r3.5E+07
r3.0E+07
r2.5E+07
r2.0E+07
r 1.5E+07
r1.0E+07
r5.0E+06

- 0.0E+00

r-5.0E+06

-85

-90

-95

-100

T
-105
f1 (ppm)

-110

29

-115

T
-120

T
-125

1
-130



ethyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3b)
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butyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3c)
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benzyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3d)
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tert-butyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-phenylbutanoate (S-3e)

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

Y

~-5000

70000

65000

60000
55000

50000

45000

40000

35000

30000

25000

20000

15000

10000
5000

-5000

€y
b |
b |
ST
STb
ST
9T'b
9T'b
LT
LT
8T'p
610 —
61t 7
0zt
0zt
T2y
3%
fxady
vy
2.&
8Tt

6L
08"t |
€8
8y ]
S8y
98 4
68 |
68t

$T°9
8v'9 7

NN.N#
82
8z

674
67,
og'z
0£°L
TE'L
1€,
7€
7€'
€62
bEL
v
veL
WL %
WL

L &

V'L

—hr—

CHy

S/

.,

T

Fooe
=1TE
506

TQ.N
WNm.N

wﬁo.ﬁ

00T

o0t

Feoe
Fso

0.0

0.5

2.0

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

8091
$1°9T
+Z'9T

0€9T

68'LC—

£5'8p
YL 8y
L8y
£6'8b
96'8%
f4%14

L6°€9
€0'v9

bob9 \

18°v9

9€'18 —

2811
EP6TT V
8G'TCT ~
orzer
TeLen
[

9€°LTT
6LLTT
0z'821
T#'0ET
b PET
TS'PET
TSPET
SS'PET
€0°LET
L0°LET
60°LET
ET°LET

TT°S9T —

T T T T T
100 90 80 70 60 50 40 30
f1 (ppm)

110

36



23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

r-1000
F-2000

-3000

T
-40

T
-50

T
-60

T
-70

T
-80

-90

= /500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

-500

-85

T T
-90 -95 -100 -105 -110
f1 (ppm)

37

-115

T
-120

T
-125

1
-130



trophenyl)butanoate (S-3g)
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trophenyl)butanoate (S-3h)

-Ni

methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-(3
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methyl (S)-4-(1-(diethoxyphosphoryl)-1,1-difluoro-3-(methoxycarbonyl)but-3-en-2-yl)benzoate (S-3i

[=3 o (=] o o o o o o o o o o o o o o o o (=] o o 1<) 1=} o o o o o o o o o [=3 o
o o (=] o o o o o o o o o (=] o o o o o o (=} [=3 o 1<) o (=} o o o o (=} (=} o o [=3 o
N — o a @ ~ o wn < (2] o~ — o o (=] o (=] o o (=} o o — ~N o o o o (=3 o o (=] o o —
o~ o~ ~N — — — — — — — — — — o «© ~ o wn < ™ ~N — o [l D — a «© ~ o wn < ™ o~ Al o '
Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il 1 o Il Il Il Il Il Il Il Il Il Il Il
T S
61°T
12T
2z
62T v
16T o °© .
e ot
o5 ot —
et < 6791
€6'€ P
b6'E
6 —_— - = Fo0e
o6 — - = Foe
S6°€ 1
96'€ -
6°€
6
86'€ o 9’8y
66'€ N £9'8p
66'€ 99'8%
0y 288y -
€0y 98'8t
S0'b n 206t
90t o vrzs \
0% w'es
L0t b9
60'% o 67°v9 —
A58 - $9'b9 \.
Py 269
by
ST
ST'b wn
9T'b | g ©
9T
LT0 Aroe
8T'b | - ot | o
0z / = ﬂo.w <
AR\ po
225 [ === Wo
g x T
vy o g
16 =
(234 /
96t = . o
16 \ ~— Ilw TE TR
T0's 0£°9TT
10 5811 ” _
96'8TT L .
i 60121~ ]
z9'121 _
veeer
pT62T
° o671 e
S 61621
£5'621 —3
. . 9,621
9 —_— Foor £6°0ET i
o) HO'SET
. . © 90°SET
09'9 — 00T podbld
Z1SET
o 8€°6€T
~ 2b'6ET
€5'6ET
8Y'6ET
b L~ _ ’ n £2°99T ~ . N
w5 - - Froz P~ 22991~ g
86'L %
86°L W - o . - o .
66'L © u 3 — . 2 © v ]
008 & H w, — = Feoz 0 M w,
00’8 ~ ~
10'8 PAS AT
1
{ 3 {
o o
\ \
+ ) +

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

42



110000

100000

90000

80000

70000

60000

50000

40000

30000

20000

10000

-10000

e

T T T T T
-20 -30 -40 -50 -60

T
-70

T
-80

-90

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

-2000

-85

-90

-95

T
-100

T
-105
f1 (ppm)

T T
-110 -115 -120

43

T
-125

1
-130



35000
30000
25000
20000
15000
10000
5000

Y

- Louuuy
150000

methyl (S)-3-(4-cyanophenyl)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylenebutanoate (S-3j)

829 —

99—

Feoe
Froe

Foot

Foot

Fooe
Feoz

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

7.0

7.5

19t
L1791
ST9T
1€°9T

65'8p
SL'8b
6L8Y
S6'8b

668
mﬁ.mv\
eses
LEP9
vr'v9

el

L6'TTT

60'9TT /
NN.mﬂﬁ/
wtm:/
SL8TT ~&
88021 ~

e
eseer
'6zT
br6Tt W
9v"6CT \
LO'TET \w
z0zet
T9vET
£9bET
99°bET
89°PET
89'6€1
TL6ET
bL6ET
Lr6€1

10°99T —

140000
130000
120000
110000
100000
90000
80000
70000
60000
50000
40000
30000
20000
10000
-10000

44

Cr,
170 160 150 140 130 120 110 100
f1 (ppm)

180

190




120000

110000

100000

90000

80000

70000

60000

50000

40000

30000

20000

10000

-10000

T T T
-20 -30 -40 -50 -60

T
-70

T
-80

-90

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

-2000

T
-105
f1 (ppm)

T
-85 -90 -95 -100

T
-110 -115 -120

T
-125

1
-130



methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-(4-(trifluoromethyl)phenyl)butanoate (S-3Kk)
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methy! (S)-4-(diethoxyphosphoryl)-4,4-difluoro-3-(4-fluorophenyl)-2-methylenebutanoate (S-3m)
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methy!l (S)-3-(4-bromophenyl)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylenebutanoate (S-3n)
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methyl (S)-3-(3-bromophenyl)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylenebutanoate (S-30)

18000
17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

F-1000

100000

90000
80000
70000
60000
50000
40000
30000
20000
10000

6Ty W

8%
160 \

6y

529
099

i |

[e%
9L 4/
92
8¢,
8e's
8e'L
2Ly
2L
L w
€L
b2
vl )W
St'L %

SbL
SS'L
95°L

95°L

cH,

Foe
Fooe

M/ﬁo.ﬁ
0
01

7001

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.5

or'9t
91T°91
€291
62°9T

i4%:14
0€'8t
fx:14
0S'8t
£5'8Y
0L'8v \
s
61°¥9
9T'v9

el

oot
Nw.m:/
mm.m:/
80°'1CT

19721 V
[T —
voeer

0T'62T
zreet
pT'62T
8'6CT
OT'TET
60°EET
20'SET
SO'SET
80'SET
OT'SET
Sb'OET
6b'9ET
1S°9€T
SS9ET

TT99T —

"
h!
!

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

54



{70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

r-5000

Br

T T T T T
60 50 40 30 20 10 -10 -20 -30 -40 -50 -60 -70 -80

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

F-1000

-85

T T
-90 -95 -100 -105 -110 -115 -120 -125
f1 (ppm)

-130



methy! (S)-4-(diethoxyphosphoryl)-4,4-difluoro-3-(4-iodophenyl)-2-methylenebutanoate (S-3p)
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methy! (S)-4-(diethoxyphosphoryl)-4,4-difluoro-3-(3-methoxyphenyl)-2-methylenebutanoate (S-3q)

1400
1300

1200

1100
1000
900

800

+700
F600
F500
400
300
200
100

-0

~-100

75000
70000
65000
60000
55000
50000
45000
40000
35000
30000
25000
20000
15000
10000
5000

-5000

81T
02T
[Z4 S
871
0£°T
TE'T
€€
08'€
68'€
16°€
16°€
€6'€
€6°€
S6°€
S6'€
S6°€
16'€
16'€
66'€
10
€0
[CR3
S0'b
90
L0
0%
80
60'F |
oty
IS
[42%
€1
PTy
ST'b
9T'b
(183
8Ty
ozt
j14%

wy
€y
[Z44

vy
€8t
v8't
88t
88t >
€6’ \

€6'Y

ST9—

159 —
28'9

€89

¥8'9

$8'9 7
969 o
169 5

69 N
104 qu
€0t
e
veL d
seed /T
<
£

L

CH,

CH,

i

Fooe
Froe

0'€
0°€

0.5

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

7.0

7.5

191
L1791 e
vZ'9T

0€9T

8TETT
1911
$SOTT
99°'8TT
6T'61T

[Aavas S —
s8'1zT —
TLzen 3
L6°ETT ==

92821 —3
64'8CT W

78871
crerr

0S'SET
SS'SET W. —
T9'SET

TP'6ST — -

9p'99T
£5°99T > 3

CHy
F
CH,

CH,

T T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

00

58



90000

85000

80000

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

-5000

T T T T T T T T T T T T T
60 50 40 30 20 10 -10 -20 -30 -40 -50 -60

T
-70

T
-80

-90

20000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

F-1000

-2000

-85

T T T
-90 -95 -100 -105 -110 -115 -120
f1 (ppm)

59

T
-125

1
-130



methyl (S)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylene-3-(naphthalen-2-yl)butanoate (S-3r)
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STt
o'y )
o'y |
1y
AN
8Tt |
8Tt |
61t |
61t
o0z ]
ozt |
Ty
wy
€y
T d
18 |
235
98t
98
8%
6%

6% \
Y9

959 —

€T°L
YL
(a3
ST'L

v
v

L.

H,C

0°E
1TE

Fere

ot

oot

Fooz
Fooz

0.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.0

7.5

8091
$1°9T
€2°9T

6791
072 s/

sy
8T8y
€80
8’8y
15°8%
198y \
o€'es
209
PT'b9

vl

£9°9TT
648TT
2E6TT

L gtas
L6121
[Unz4s
T4'8CT /

bb82T
9b'8CT
#0621

9T'0ET ~

€0°TET
90°'TET
80'TET
[amtas
TLSET
LLGET
18'SET

0L°LET

75991 —

110000
100000
90000
80000
70000
60000
50000
40000
30000
20000
10000
-10000

60 50 40 30 20

70

100 90 80
f1 (ppm)
62

110

120

CH,
180 170 160 150 140 130

190

H,C
200



50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

-5000

T T
-30 -40

T
-50

T
-60

T
-70

T
-80

-90

110U

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

-1000

-85

-90

-95

T
-100

T
-105
f1 (ppm)

63

-115

T
-120

T
-125

1
-130



methyl (S)-4-(diethoxyphosphoryl)-3-(3,5-dimethylphenyl)-4,4-difluoro-2-methylenebutanoate (S-3t)
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methyl (S)-3-(4-(tert-butyl)phenyl)-4-(diethoxyphosphoryl)-4,4-difluoro-2-methylenebutanoate (S-3u)
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methyl 4-(diethoxyphosphoryl)-4,4-difluoro-3-(3-methoxyphenyl)-2-methylbutanoate (6)
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methyl 4-(diethoxyphosphoryl)-2-methylene-3-phenylpentanoate (9)
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Copies of HPLC spectra
N o/

O\P/ F

(S-3a)

4-22,123

300 5-24,086

200

100+

-50 T T T T T T min
20,00 21,00 22,00 23,00 24,00 25,00 26,00 27,00

No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 22.12 n.a. 343.095 157.854 49.42 n.a. BMB

2 24.09 n.a. 283.095 161.587 50.58 n.a. BMB

Total: 626.190 319.441 100.00 0.000

1-22,176

300

200

100+

2-24,382

-5201.50 22‘,00 23,‘00 24‘.00 25‘,00 ";E:OO
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 22.18 n.a. 367.030 164.652 97.51 n.a. BMB*
2 24.38 n.a. 8.910 4.199 2.49 n.a. BMB*
Total: 375.940 168.850 100.00 0.000
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o

(S-3b)
1-15,040

1.200
1.000 -

800

600

400+

200

o

‘200“‘\‘“\“‘\“‘\“‘\“‘\“r‘nin

13,00 14,00 15,00 16,00 17,00 18,00 19,00 20,00
No. Ret.Time Peak Name Height Area Rel. Area Amount Type

min mAU mAU*min %

1 15.04 n.a. 1289.449 503.878 49.48 n.a. BMB*
2 18.02 n.a. 1057.423 514.545 50.52 n.a. BMB*
Total: 2346.872 1018.422 100.00 0.000
1200 1-15.350
1.000+

800

600

400

200

o 2-18,645

-200 T T T T T T T miny

14,00 15,00 16,00 17,00 18,00 19,00 20,00 21,00 22,00

No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %

1 15.35 n.a. 1131.240 440.450 95.47 n.a. BMB*

2 18.65 n.a. 54.457 20.875 4.53 n.a. BMB*

Total: 1185.697 461.325 100.00 0.000
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875

750+

625

500

375

250

125+

-100

1-13,013

2 -16,064

min

12,00

T T
13,00 14,00

T
15,00

T
16,00

T
17,00

T
18,00 19,

00

No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 13.01 n.a. 865.953  279.368 49.88 n.a. BMB*
2 16.06 n.a. 706.900 280.658 50.12 n.a. BMB*
Total: 1572.853 560.027 100.00 0.000
1.500+
1.2504
1.000
750
500
250
2-16,448
-200 T T T ; , ‘ min|
12,00 13,00 14,00 15,00 16,00 17,00 18,00 19,00
No. Ret.Time Peak Name Height Area Rel. Area Amount Type
min mAU mAU*min %
1 13.12 n.a. 1631.512 573.908 95.02 n.a. BMB*
2 16.45 n.a. 84.824 30.085 4.98 n.a. BMB*
Total: 1716.336 603.993 100.00 0.000
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e
(S-3d)

1.250

1.000+

750+

500+

250

1-20,821

2 -25,857

-200 T T ; ; ; ‘ ‘min
2 . 5 18,0 20,0 213 225 23,8 25,0 26,3 28,0
No. Ret.Time Peak Name Height Area Rel. Area Amount Type
min mAU mAU*min %

1 20.82 n.a. 1338.707 753.962 49.66 n.a. BMB*
2 25.86 n.a. 1031.282 764.320 50.34 n.a. BMB*
Total: 2369.989 1518.282 100.00 0.000
1.200 1-21,259
1.000+

800

600

400+

200

o O\ 2-26,955

B LT S o A I NI L

19,00 20,00 21,25 22,50 23,75 25,00 26,25 28,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 21.26 n.a. 1138.004 622.808 95.82 n.a. BMB*
2 26.95 n.a. 50.086 27.186 4.18 n.a. BMB*
Total: 1188.090 649.995 100.00 0.000
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625

500+

375

250

125+

-100

1-15,136

2-19,724

min|

13,00

T
15,00

T T
16,25 17,50

T
18,75

T
20,00

2

2,00

No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 15.14 n.a. 683.451  320.318 49.64 n.a. BMB*
2 19.72 n.a. 511.827 324.962 50.36 n.a. BMB*
Total: 1195.278 645.280 100.00 0.000
1,000 1-15,115
800
600
400
200
2-19,915
-100 T T ; , ‘ min|
13,00 15,00 16,25 17,50 18,75 20,00 22,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 15.11 n.a. 942.498 449.649 95.37 n.a. BMB
2 19.92 n.a. 39.482  21.847 4.63 n.a. BMB*
Total: 981.980 471.496 100.00 0.000
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3004 1-16,384
250
2-21,675

200+
150
100+

504

o -

-50 T T T T T T o

15,00 16,25 17,50 18,75 20,00 21,25 22,50 24,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %
1 16.38 n.a. 280.869 102.745 49.03 n.a. BMB*
2 21.67 n.a. 221.936 106.797 50.97 n.a. BMB*
Total: 502.805 209.542 100.00 0.000
2-21,547

750

625

500

375

250

125+

‘100““\“"\““\‘“‘\““\““\““n\ﬂn

15,00 16,25 17,50 18,75 20,00 21,25 22,50 24,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %

1 16.46 n.a. 62.192  23.775 5.67 n.a. BMB*
2 21.55 n.a. 772.536 395.709 94.33 n.a. BMB*
Total: 834.728 419.484 100.00 0.000
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(S-3h)

625

500+

375

250+

125+

1-16,224

2 -23,339

min|

-100
15

50 16,3 18,8 20,0 213 225 238 25,0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 16.22 n.a. 729.433  271.715 49.97 n.a. BMB*
2 23.34 n.a. 539.350 272.014 50.03 n.a. BMB*
Total: 1268.783 543.729 100.00 0.000
600
500
400
300
200+
1004 1-16,267
ol
-100 T T . ; , ; min|
15,0 16,3 175 18,8 20,0 213 225 23,8 25,0
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 16.27 n.a. 99.692  38.010 10.45 n.a. BMB*
2 23.31 n.a. 651.095 325.686 89.55 n.a. BMB*
Total: 750.787 363.696 100.00 0.000
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625

500

3754

250

125

1-14,560

2-19,285

min|

20,0

22,0

No. Ret.Time Peak Name Height Area Rel. Area Amount Type
min mAU mAU*min %

1 14.56 n.a. 688.005 248.454 50.66 n.a. BMB*

2 19.29 n.a. 527.109  242.003 49.34 n.a. BMB

Total: 1215.114 490.457 100.00 0.000

875 2-19,244

750

625

500

375+

250

125

-100 T T ; , ‘ min|

13,00 15,00 16,25 17,50 18,75 20,00 22,00

No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 14.66 n.a. 43.646  16.857 4.01 n.a. BMB*

2 19.24 n.a. 857.694 403.679 95.99 n.a. BMB

Total: 901.340 420.536 100.00 0.000
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7,00

6,00

5,00

o L2033 2-22,102

3,00+

2,00+

1,00
'0507“‘\“‘\“‘\“‘\“‘\“‘\“J‘mn

18,00 19,00 20,00 21,00 22,00 23,00 24,00 25,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 20.33 n.a. 4.095 1.811 50.09 n.a. BMB*
2 22.10 n.a. 3.872 1.805 49.91 n.a. BMB*
Total: 7.967 3.616 100.00 0.000
1.000

800

600

400+

200

1-20,203

0

‘200“‘\‘“\“‘\“‘\“‘\“‘\“r‘nm

18,00 19,00 20,00 21,00 22,00 23,00 24,00 25,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 20.20 n.a. 79.891 33.624 5.56 n.a. BMB*
2 21.73 n.a. 1096.400 571.226 94.44 n.a. BMB*
Total: 1176.291 604.850 100.00 0.000
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1-11,957

500

2004 2-18475

300

200+

100

min|

-100 T T T T T T T T T
10,0 113 12,5 138 15,0 16,3 17,5 18,8 20,0 22,0

No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 11.96 n.a. 532.716 156.681 49.66 n.a. BMB*
2 18.47 n.a. 393.080 158.825 50.34 n.a. BMB
Total: 925.796 315.506 100.00 0.000
300+
200+
100
1-12,011
0 L
-50 T T T T T T T T ‘min
10,0 113 12,5 13,8 15,0 16,3 175 18,8 20,0 22,0
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 12.01 n.a. 36.467  10.306 6.88 n.a. BMB
2 18.50 n.a. 356.779 139.548 93.12 n.a. BMB
Total: 393.246 149.854 100.00 0.000
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TfO (S-3I)

300+ 2-18,656

1-16,608

250

200+

150

100

50

SO e
16,00 17,00 18,00 19,00

No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 16.61 n.a. 280.121 129.903 50.27 n.a. BM *
2 18.66 n.a. 307.317 128.526 49.73 n.a. MB*
Total: 587.438 258.429 100.00 0.000
2000 ] 2-18,454
1.500+
1.000
500
1-16,736
0
-500 T T T T
16,00 17,00 18,00 19,00 20,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 16.74 n.a. 107.860 45.626 3.86 n.a. BMB*
2 18.45 n.a. 2095.988 1136.964 96.14 n.a. BMB*
Total: 2203.848 1182.590 100.00 0.000
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150+

125+

100+

75+

50

254

1-14,228

2-19,819

-204—

12,0 131,8 15,0 16,3 17,5 20,0 213 225 24,0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 14.23 n.a. 165.849 53.859 50.15 n.a. BMB
2 19.82 n.a. 128.212 53.538 49.85 n.a. BMB
Total: 294.061 107.396 100.00 0.000
2-20,256

100

80

60—

40+

20

. 473

207 N N A N N SN T ‘m‘in

12,0 13,8 15,0 16,3 175 18,8 20,0 213 225 24,0
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 14.47 n.a. 3.942 1.210 2.79 n.a. BMB*
2 20.26 n.a. 102.064 42.189 97.21 n.a. BMB
Total: 106.006 43.400 100.00 0.000
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625

500+

375

250

125+

1-13920

2 -20,608

1004
120

T T
13,8 15,0

min|
T

21,3 225 24,0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %

1 13.92 n.a. 749.575  246.293 49.89 n.a. BMB
2 20.61 n.a. 547.037 247411 50.11 n.a. BMB
Total: 1296.612 493.705 100.00 0.000

1000 2-20,906

800

600

400

200

1-14,166
0
2007~ T T N “\“‘m\in
12,0 13,8 15,0 16,3 175 18,8 20,0 213 225 24,0
No. Ret.Time Peak Name Height Area Rel. Area Amount Type
min mAU mAU*min %

1 14.17 n.a. 66.065 20.677 4.08 n.a. BMB*
2 20.91 n.a. 1014.189 485.596 95.92 n.a. BMB
Total: 1080.254 506.273 100.00 0.000
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Br (S-30)

1-16,725

625

224,737

500

3754

250

125+

min|

100+ T T T T T

15,5 18,0 20,0 22,0 24,0 26,0 28,0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 16.73 n.a. 674.775  253.826 49.91 n.a. BMB
2 24.74 n.a. 484.936  254.770 50.09 n.a. BMB*
Total: 1159.711 508.596 100.00 0.000

875 2-25,088

750+

625

500

375+

250

125+

1-17,067

-100 I T 1 T T I T T T T T T T T T o

155 18,0 20,0 22,0 24,0 26,0 28,0
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %

1 17.07 n.a. 48.222  18.488 3.61 n.a. BMB*
2 25.09 n.a. 876.162 493.151 96.39 n.a. BMB*
Total: 924.384 511.639 100.00 0.000
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1.500

1.2501

1.0004

750

500

250+

-200

1-14,314

2-21,312

12,0

14,0 16,0

No. Ret.Time Peak Name Height Area Rel. Area Amount Type
min mAU mAU*min %
1 14.31 n.a. 1624.417 572.947 49.53 n.a. BMB*
2 21.31 n.a. 1096.317 583.816 50.47 n.a. BMB*
Total: 2720.734 1156.764 100.00 0.000
1.250
1.000+
750+
500
250
o]
-200 T T . ; : min|
12,0 14,0 16,0 18,0 20,0 22,0 25,0
No. Ret.Time Peak Name Height Area Rel. Area Amount Type
min mAU mAU*min %
1 14.65 n.a. 136.774  44.790 5.04 n.a. BMB*
2 21.62 n.a. 1503.576 843.680 94.96 n.a. BMB*
Total: 1640.350 888.470 100.00 0.000
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(S-3a)

300

200

100

1-22,427

2-24,609

min

-530,00 21‘,00 22‘.00 23‘.00 24‘.00 25‘.00 26‘,00 27,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 22.43 n.a. 411.287 212.609 49.90 n.a. BMB*
2 24.61 n.a. 391.307 213.424 50.10 n.a. BMB*
Total: 802.594 426.033 100.00 0.000
500 2-25,163
400+
300+
200
100
1-23,101
0
-100 T T T ; , ‘ min|
20,00 21,00 22,00 23,00 24,00 25,00 26,00 27,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 23.10 n.a. 26.513  12.309 4.22 n.a. BMB*
2 25.16 n.a. 500.602 279.577 95.78 n.a. BMB*
Total: 527.115 291.886 100.00 0.000
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_/
F
FO
O/
(S-3r)

50,0
40,0
30,01
20,04
10,04

0,0

1-17,622

2-24,105

i

min|

-10,0
16,0

26,0

No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %

1 17.62 n.a. 55.000 22.200 49.84 n.a. BMB

2 24.10 n.a. 43.163  22.340 50.16 n.a. BMB

Total 98.163  44.540 100.00 0.000

400+

300

200

100+

50— T T T T min

16,0 175 18,8 20,0 21,3 225 238 25,0 26,3 28,0

No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 18.52 n.a. 49.495  20.525 6.01 n.a. BMB

2 25.07 n.a. 494.083 320.866 93.99 n.a. BMB

Total: 543.578 341.392 100.00 0.000
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(S-3s)

. 2-18,678

1.000

800

600

400

200

o "

-200 T T . ; , ; : min|

14,00 15,00 16,00 17,00 18,00 19,00 20,00 21,00 22,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 16.80 n.a. 1090.619 530.073 50.25 n.a. BMB*
2 18.68 n.a. 1037.445 524.728 49.75 n.a. BMB*
Total: 2128.064 1054.801 100.00 0.000

1000 2-19,105

800

600

400+

200+

1-17,419

o ZaN ‘

—200‘H\‘H\H‘\H‘\“‘\“‘\“‘\‘min

14,00 15,00 16,00 17,00 18,00 19,00 20,00 21,00 22,00
No. Ret.Time Peak Name Height Area Rel. Area Amount Type

min mAU mAU*min %

1 17.42 n.a. 49.278 17.111 3.30 n.a. BMB*
2 19.10 n.a. 1007.448 501.053 96.70 n.a. BMB*
Total: 1056.726 518.164 100.00 0.000
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40,0

30,04

20,0

3-12,310

4-17,120

10,04

-5{200 12b0 13b0 1450 15b0 16b0 1750 1abo nr;oo

No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 12.31 n.a. 43.144  12.306 49.98 n.a. BMB

2 17.12 n.a. 34.133  12.317 50.02 n.a. BMB

Total: 77.321  24.623 100.00 0.000

300+ 2-17,931

250

200+

150

100+

504
1-12,822

o

-50 T T T T T T T min

12,00 13,00 14,00 15,00 16,00 17,00 18,00 19,00 20,00

No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 12.82 n.a. 13.282  3.558 2.92 n.a. BMB*

2 17.93 n.a. 295.436 118.492 97.08 n.a. BMB*

Total: 308.718 122.051 100.00 0.000

90




40,0

30,04

20,01

10,04

-5,0

1-11,584

2-14,998

min|

10,00

T
11,00

T
12,00

T
13,00

16,00

No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 11.58 n.a. 29.386 9.195 50.78 n.a. BMB*
2 15.00 n.a. 27.352 8.913 49.22 n.a. BMB*
Total: 56.738  18.108 100.00 0.000
625+
500
375+
250
125+
1-12,084
ol —
-100 T T T T T T T miny
10,00 11,00 12,00 13,00 14,00 15,00 16,00 17,00 18,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 12.08 n.a. 40.151 11.374 4.02 n.a. BMB*
2 15.56 n.a. 676.204 271.226 95.98 n.a. BMB*
Total: 716.355 282.600 100.00 0.000

91




(R-1a)

150

125+

100+

-20

1-7,499

min

6,00

T
9,50

10,00

No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 7.50 n.a. 158.223 30.284 49.83 n.a. BMB*
2 9.42 n.a. 144.092 30.488 50.17 n.a. BMB*
Total: 302.315 60.772 100.00 0.000
300
250;
200;
150*: 2-9,438
100
50;
20— T T T T U
7,20 8,00 8,50 9,00 9,50 10,00 10,50
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 7.56 n.a. 3.777 0.425 1.36 n.a. BMB*
2 9.44 n.a. 139.499 30.735 98.64 n.a. BMB*
Total: 143.276 31.160 100.00 0.000
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0
(R-1b)
300; 1-6,880 28075
250%
zooé
150%
100;
50
ol
-50: T T T T
6,50 7,00 7,50 8,00 8,50
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 6.88 n.a. 304.687 57.309 49.17 n.a. BMB*
2 8.07 n.a. 297.303 59.250 50.83 n.a. BMB*
Total: 601.990 116.559 100.00 0.000
2-8,128
300+
250+
200
150+
100
50+
o
-50 T T : ‘ ‘min
6,50 7,00 7,50 8,00 8,50 9,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 6.70 n.a. 5.372 0.791 1.21 n.a. BMB*
2 8.13 n.a. 299.563 64.603 98.79 n.a. BMB*
Total: 304.935 65.394 100.00 0.000
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300

200

100+

-50

1-6,485

6,10

8,00

No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 6.49 n.a. 370.430 69.416 49.28 n.a. BMB
2 7.36 n.a. 362.769 71.436 50.72 n.a. BMB*
Total: 733.199 140.852 100.00 0.000
2-7,295
150
125+
100
75+
50
25
20— T T T R \“‘\“‘\“n‘m
6,10 6,40 6,60 6,80 7,00 7,20 7,40 7,60 7,80 8,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 6.30 n.a. 11.079 1.292 4.94 n.a. BMB*
2 7.29 n.a. 151.271 24.883 95.06 n.a. BMB*
Total: 162.350 26.175 100.00 0.000
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F O

s
(R-1d)

1-9,387

2-10,667

10,04
5,0

0,0

-10‘07 T T . ; ‘ min|
v 9,00 9,50 10,00 10,50 11,00 11,50 12,00
No. Ret.Time Peak Name Height  Area Amount Type
min mAU mAU*min
1 9.39 n.a. 19.210 4.193 n.a. BMB*
2 10.67 n.a. 19.022  4.296 n.a. BMB
Total: 38.232  8.489 0.000
7,004
6,00
5,00
4,00
3,00+ 2-10,655
2,001
1,00+
0,00 T T T ; ; min|
9,40 10,00 10,50 11,00 11,50 12,00
No. Ret.Time Peak Name Height  Area Amount Type
min mAU mAU*min
1 9.54 n.a. 0.263 0.045 n.a. BMB*
2 10.65 n.a. 2.078 0.535 n.a. BMB*
Total: 2.341 0.580 0.000
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(R-1e)
1-5,80: 2-6,219
750+
625
500
375+
250
125+
-100 T T | min
5,00 5,50 6,00 6,50 7,00 7,50 8,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 5.80 n.a. 845.457  153.230 48.84 n.a. BM
2 6.22 n.a. 840.838  160.493 51.16 n.a. MB*
Total: 1686.295 313.723 100.00 0.000

2-6,229

600

500

400

300

200+

100+

5,00 5,50 6,00 6,50 7,00 7,50 8,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 5.82 n.a. 159.441 24.558 18.26 n.a. BMB*
2 6.23 n.a. 616.628 109.919 81.74 n.a. BMB*
Total: 776.069 134.477 100.00 0.000
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F O
o~
=N (R-1g)
60,0- 1-19,155
50,0{ 2-20,982
40,0{
30,0{
20,0{
lO,D{
0,0{ —
'lovci T UV U UV U
18,00 19,00 20,00 21,00 22,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 19.15 n.a. 57.929  31.169 50.27 n.a. BMB*
2 20.98 n.a. 48.687  30.839 49.73 n.a. BMB*
Total: 106.616 62.008 100.00 0.000
400 1-19,040
300
200
100
o]
-100+
-200-1— T T T ‘v\ T T min
16,0 175 18,8 20,0 213 225 238 25,0 26,0
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 19.04 n.a. 537.799 298.323 99.97 n.a. BMB*
2 21.94 n.a. 0.110 0.101 0.03 n.a. BMB*
Total: 537.909 298.423 100.00 0.000
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o~

NO, (R-1h)

750

625

5007 2-26,657

375+

250

125+

-100 T T T , ‘ min|

16,0 18,0 20,0 22,0 24,0 26,0 28,0 30,0

No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 18.42 n.a. 821.161  403.459 49.77 n.a. BMB
2 26.66 n.a. 461.288  407.259 50.23 n.a. BMB
Total: 1282.449 810.718 100.00 0.000

88| 2-27,039

75

63

50+

38+

25+

13+

1 o0

-10 T . ; : min|

16,0 18,0 20,0 22,0 24,0 26,0 28,0 30,0

No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 18.09 n.a. 0.446 0.399 0.64 n.a. BMB*
2 27.04 n.a. 86.465  62.249 99.36 n.a. BMB
Total: 86.911  62.648 100.00 0.000
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O/

MeOOC (R-1i)
40,0

2-24,882
30,0+
20,04
10,01
S0 7 7 v T T T ‘n"nn
20,00 21,25 22,50 23,75 25,00 26,25 27,50 29,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %
1 21.61 n.a. 47.512 28.872 50.06 n.a. BMB
2 24.88 n.a. 30.845  28.803 49.94 n.a. BMB
Total 78.357 57.676 100.00 0.000
3007 1-21,483
250+
200+
150
100
50+
o] 2-24,‘876
-50 T T T T T T e
20,00 21,25 22,50 23,75 25,00 26,25 27,50 29,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 21.48 n.a. 274.453 172.535 99.71 n.a. BMB*
2 24.88 n.a. 0.571 0.507 0.29 n.a. BMB*
Total: 275.024 173.042 100.00 0.000
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O/

NC (R-1j)

600-] 1-19,308

500

400

300

200+

100

0

-100 T U DU T T ““‘min

18,00 19,00 20,00 21,00 22,00 23,00 24,00
No. Ret.Time Peak Name Height Area Rel. Area Amount Type

min mAU mAU*min %

1 19.31 n.a. 603.722  340.246 49.60 n.a. BM
2 20.75 n.a. 558.516  345.764 50.40 n.a. MB
Total: 1162.238 686.010 100.00 0.000

| 1-19,392

150

100

501

-20 T T . ; ‘ min|

18,00 19,00 20,00 21,00 22,00 23,00 24,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %

1 19.39 n.a. 195.925 108.011 100.00 n.a. BMB*
2 21.14 n.a. 0.020 0.005 0.00 n.a. BMB*
Total: 195.945 108.016 100.00 0.000

100




F O
o~

F3C (R-1K)

500 2-14,539

600

400

200+

-100 T T T T U P

12,00 13,00 14,00 15,00 16,00 17,00
No. Ret.Time Peak Name Height Area Rel. Area Amount Type

min mAU mAU*min %

1 13.38 n.a. 973.116 460.721 49.27 n.a. BM
2 14.54 n.a. 797.724  474.376 50.73 n.a. MB
Total: 1770.840 935.097 100.00 0.000

60,0 1-12,800

50,01

40,0

30,0+

20,01

10,04

oo] } 2-14,081
'10v0““\““\‘“‘\““\““\"r‘nin

12,00 12,50 13,00 13,50 14,00 14,50 15,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %

1 12.80 n.a. 56.156  20.337 96.90 n.a. BM
2 14.08 n.a. 1.507 0.651 3.10 n.a. MB
Total: 57.663  20.988 100.00 0.000
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F O

o~

TfO (R-11)
1-10,197
2-11,360
300
200
100
0+ I
-50 T T T T T T T T T T T T T 0
9,00 10,00 11,00 12,00 13,00 14,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 10.20 n.a. 349.035 108.221 50.00 n.a. BMB
2 11.36 n.a. 313.811 108.222 50.00 n.a. BMB
Total: 662.846 216.443 100.00 0.000

1-10,677
625
500
375
250+
125+
ol 2-11,869‘
-100 T . ; ‘ min|
9,20 10,00 11,00 12,00 13,00 14,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %

1 10.68 n.a. 672.144 214.302 99.24 n.a. BMB*
2 11.87 n.a. 4.651 1.637 0.76 n.a. BMB*
Total: 676.795 215.939 100.00 0.000

102




O/

F (R-1m)
70,0+
60,0+
50,0+
40,07 2-16,361
30,01
20,0+
10,0+
'5v07““\““\““\““\““\““\““\“‘m‘in

14,00 14,50 15,00 15,50 16,00 16,50 17,00 17,50 18,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 15.50 n.a. 44.377  19.888 50.06 n.a. BM
2 16.36 n.a. 36.030 19.841 49.94 n.a. MB
Total: 80.407  39.729 100.00 0.000

62,5+

1-14,964

50,01

37,5+

25,01

12,5

2-16,019

0,04
B R T T B O AR

14,00 14,50 15,00 15,50 16,00 16,50 17,00 17,50 18,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %

1 14.96 n.a. 55.881  21.829 99.90 n.a. BMB*
2 16.02 n.a. 0.072 0.022 0.10 n.a. BMB*
Total: 55.953  21.851 100.00 0.000

103




F (0]
O/
Br (R-1n)
1-17,888
600
500
400
s00] 2-23,110
200
100+
0
-100 T T ; , ‘ min|
14,0 16,0 18,0 20,0 22,0 24,0 27,0
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 17.89 n.a. 623.508 386.173 51.29 n.a. BMB
2 23.11 n.a. 291.522 366.709 48.71 n.a. BMB*
Total 915.030 752.882 100.00 0.000
N 1-17,387
801
60
40+
20
-10 T T ; , ‘ min|
14,0 16,0 18,0 20,0 22,0 240 27,0
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 17.39 n.a. 96.176  46.201 98.76 n.a. BMB
2 22.47 n.a. 0.809 0.581 1.24 n.a. BMB*
Total: 96.985  46.781 100.00 0.000

104




O/

Br (R-10)

400+

300+

200

100

-50 T T . ; ‘ min|

12,00 13,00 14,00 15,00 16,00 17,00 18,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 13.54 n.a. 442.308 174.972 50.10 n.a. BMB*
2 15.66 n.a. 363.803 174.278 49.90 n.a. BMB*
Total: 806.111 349.251 100.00 0.000

750 |

625

500

375+

250

125+

-100 T T T T T DL UV T s

12,00 13,00 14,00 15,00 16,00 17,00 18,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %

1 14.12 n.a. 0.902 0.951 0.26 n.a. BMB*
2 16.23 n.a. 767.432 368.421 99.74 n.a. BMB*
Total: 768.334 369.372 100.00 0.000

105




o~
' (R-1p)
1-10,240
200
2-11,232

150+

100

50+

0

-50 T T T T T T T min

9,00 9,50 10,00 10,50 11,00 11,50 12,00 12,50 13,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %

1 10.24 n.a. 204.889 65.093 49.97 n.a. BM
2 11.23 n.a. 184.752 65.172 50.03 n.a. MB
Total: 389.641 130.265 100.00 0.000

T-10,489

4,00

3,50

3,00

2,50

2,001

2-11,567

0,5{3020\ 10“50 10‘,75 11“00 11‘,25 11,‘50 11‘,75 m1“21,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 10.49 n.a. 3.450 0.811 99.91 n.a. BMB*
2 11.57 n.a. 0.004 0.001 0.09 n.a. BMB*
Total: 3.453 0.812 100.00 0.000
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o~
O~ (R-1q)
1-9,963
2-10,891

3.000
2.000+
1.000+

o

-5007— ‘\““\““\““\““\"r‘mn

9,00 9,50 10,00 10,50 11,00 11,50 12,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %
1 9.96 n.a. 3311.506 1032.927 49.54 n.a. BM *
2 10.89 n.a. 3060.351 1051.921 50.46 n.a. MB*
Total: 6371.857 2084.848 100.00 0.000
2-11,392

10,01

8,0

6,0+

4,0

2,01

0,0+

20 ‘ 1-10‘713 ‘

9,50 10,00 10,50 12,00 12,50
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %

1 10.31 n.a. 0.152 0.043 1.07 n.a. BMB*
2 11.39 n.a. 12.420  3.993 98.93 n.a. BMB
Total: 12.572  4.036 100.00 0.000
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T
(R-1r)

1-23,872

2.-25,387
400

300

200

100

-50 T T T T T i
22,00 23,00 24,00 25,00 26,00 27,00 28,00

No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 23.87 n.a. 423.375 271.742 49.17 n.a. BM

2 25.39 n.a. 400.192 280.876 50.83 n.a. MB

Total: 823.567 552.618 100.00 0.000

1-21,995

20,01

10,04

0,01

-10,01

min
-15,0 T T T T
21,00 22,00 23,00 24,00 25,00 26,00

No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %

1 22.00 n.a. 38.379  22.861 99.72 n.a. BMB*

2 23.71 n.a. 0.000 0.064 0.28 n.a. BMB*

Total: 38.379  22.925 100.00 0.000
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~
(R-1s)
600 1-14,592
500
2004 2-16,480
300
200
100
0 }
-100 T T T L T T T T ““‘min
13,00 14,00 15,00 16,00 17,00 18,00 19,00
No. Ret.Time Peak Name Height Area Rel. Area Amount Type
min mAU mAU*min %
1 14.59 n.a. 600.048 284.348 50.11 n.a. BM *
2 16.48 n.a. 405.487  283.139 49.89 n.a. MB*
Total: 1005.535 567.486 100.00 0.000
coo 1-14,016
400+
300
200
100
o] _—
-100 T T . ; ‘ min|
13,00 14,00 15,00 16,00 17,00 18,00 19,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 14.02 n.a. 522.592 221.903 95.21 n.a. BMB*
2 16.06 n.a. 24.789  11.163 4.79 n.a. BMB*
Total: 547.381 233.066 100.00 0.000
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F O
o~
(R-1t)

7507 1-10,496
625 2-11,382
500
375+
250
125+
0T e
9,50 10,00 11,00 12,00 13,00 14,00
No. Ret.Time Peak Name Height Area Rel. Area Amount Type

min mAU mAU*min %
1 10.50 n.a. 702.377 239.147 49.64 n.a. BM
2 11.38 n.a. 593.384  242.604 50.36 n.a. MB
Total: 1295.761 481.751 100.00 0.000
150
125+
100
75+
50+
25+

1-10,601

-20 T T T T i
9,50 10,00 11,00 12,00 13,00 14,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type

min mAU mAU*min %
1 10.60 n.a. 6.813 2.095 3.22 n.a. BMB
2 11.48 n.a. 163.720 62.956 96.78 n.a. BMB
Total: 170.533 65.051 100.00 0.000
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o~
(R-1u)
400
1-12,608
3007 2-13,653
200
100
-50 T T T U 1 T T .
11,00 12,00 13,00 14,00 15,00 16,00
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 12.61 n.a. 339.992 150.164 49.36 n.a. BM *
2 13.65 n.a. 276.582 154.045 50.64 n.a. MB*
Total: 616.574 304.209 100.00 0.000
625
500
375+
250
125+
2-13,824
o]
-100 T 1T 1 T T L .
11,00 12,00 13,00 14,00 15,00 16,00
No. Ret.Time Peak Name Height  Area Rel.Area Amount Type
min mAU mAU*min %
1 12.62 n.a. 557.511 263.415 90.88 n.a. BMB*
2 13.82 n.a. 62.249  26.423 9.12 n.a. BMB*
Total: 619.760 289.838 100.00 0.000
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