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I. General Considerations

'H NMR, *C NMR, *'P NMR and "F NMR spectra were recorded on a BRUKER DRX (400 MHz);
BRUKER (400 MHz) AVANCE IIl HD NMR, Varian GEMINI 300 (300 MHz) and Varian 400 (400 MHz)
spectrometers, unless otherwise noted. The chemical shifts are expressed in parts per million (ppm).
For NMR spectroscopy as an internal standards the tetramethylsilane (TMS) (*H NMR and **C NMR),
and trichloromonofluoromethane (CFCl3) (*°F NMR) were used. For (**P NMR) spectroscopy, 85%
H3;PO, as external standard was used. Coupling constants are expressed in Hertz (Hz). The following
abbreviations were used to express the multiplicities: s (singlet), d (doublet), dd (doublet of doublets),
ddd (doublet of doublet of doublets), t (triplet), td (triplet of doublets), q (quartet), tq (triplet of quartets),
m (multiplet), br d (broad doublet), br s (broad singlet), br t (broad triplet). Reactions monitored by =
%P NMR during process were done with a DMSO-ds probe. *'P NMR spectra and chosen of *°F NMR
were recorded with protons decoupled. 3C NMR spectra were recorded as attached proton test
experiment (APT). Gas Chromatography - Mass spectra (GC-MS) GC-MS spectra were performed
on Varian GC-MS 4000 spectrometer (conditions: flow rate of 1 mL/min, injector temperature = 220
°C, column oven temperature 40 °C (3 min) — 15 °C/min — 280 °C (10 min), using chloroform as the
solvent). Mass spectra (MS) High resolution spectra were performed by electrospray ionization (ESI):
Laboratoire Mesures Physiques of University Montpellier 1. Thin Layer Chromatography (TLC) was
performed on commercially available Merck Kieselgel 60-F,s;, with ethyl acetate/hexane; ethyl
acetate/heptane as developing systems. Visualization was performed with UV light then
permanganate solution followed by heating. Permanganate solution (KMnO,) was prepared in water
(300 mL) with KMnO,; (3 g), K,CO3 (20 g) and 5% NaOH water solution (5 mL). Column
chromatography was performed in a glass column with silica gel (Merck Kieselgel 60 (230-400 mesh)
using ethyl acetate (EtOAc) and n-hexane. Flash Column Chromatography was performed on
Interchim puriFIash®430 compatible with 15 pm silica column using ethyl acetate (EtOAc) and n-
heptane. Purification of solvents and reagents Solvents were purified by classical methodology:
Toluene was distilled over calcium hydride (CaH,) than stocked over 4A MS. Acetonitrile,
dichloromethane, ethanol were distilled over calcium hydride (CaH,) prior to use. Tetrahydrofuran
(THF) was distilled over sodium-benzophenone. Other reagents were supplied by Sigma-Aldrich and
used without purification unless otherwise noted.



lI. Spectra of compounds

(Z/E)-diethyl (2-(heptylamino)-2-phenylvinyl)phosphonate 12a

(E/Z)-diethyl (2-(heptylimino)-2-phenylethyl)phosphonate 13a

Note: Ratio of enamines 12a and imines 13a after column chromatography equaled 92:8, respectively.
Ratio of enamines (Z/E) 12a equaled 85:15, respectively. Ratio of imines 13a (E/Z) equaled 85:15,

respectively.
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GC-MS
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HRMS

Single Mass Analysis

Tolerance = 1.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1643 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-110 N:0-30 0:0-30 P:0-1

SYNAPT G2-S#UEB205 MS292 f8-17 12-Jan-2015
Y-JP15011201 4 (0.175) Cm (3:4) 1: TOF MS ES+
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Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
354.2199 354.2198 el 03 4.5 1381.9 n/a n/a Cl9 H33 N O3 P
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(Z/E)-diethyl (2-(octylamino)-2-phenylvinyl)phosphonate 12b

(E/Z)-diethyl (2-(octylimino)-2-phenylethyl)phosphonate 13b

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 93:7,
respectively. Ratio of enamines (Z/E) 12b equaled 87:13, respectively. Ratio of imines 13b
(E/Z) equaled 80:20, respectively.
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GC-MS
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
705 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:
C:5-100 - H:0-100 N:0-30 0:0-30 P:1-1
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(Z/E)-diethyl
12c

(E/Z2)-diethyl
13c

(2-((4-methoxybenzyl)amino)-2-phenylvinyl)phosphonate

(2-((4-methoxybenzyl)imino)-2-phenylethyl)phosphonate

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 91:9,
respectively. Ratio of enamines (Z/E) 12c equaled 83:17, respectively. Ratio of imines 13c
(E/Z) equaled 81:19, respectively.
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HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

-750 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-1000 N:0-30 O:0-30 P:1-1

SYNAPT G2-S#UEB205 : MS305 06-Feb-2015
Y-JL 15020622 29 (0.130) Cm (18:80) 1: TOF MS ES+
8.73e+007
376.1676
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(Z/E)-diethyl (2-((2-methylbenzyl)amino)-2-phenylvinyl)phosphonate 12d

(E/Z)-diethyl (2-((2-methylbenzyl)imino)-2-phenylethyl)phosphonate 13d

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 91:9,
respectively. Ratio of enamines (Z/E) 12d equaled 84:16, respectively. Ratio of imines 13d
(E/Z) equaled 77:23, respectively.
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HRMS
Elemental Composition Réport Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

-Monoisotopic Mass, Even Electron lons

660 formula(e) evaluated with 2 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-100 N:0-30 O:0-30 P:1-1

SYNAPT G2-S#UEB205 MS286f.20-27 06-Feb-2015
Y-JL15020624 28 (0.127) Cm (20:89) 1: TOF MS ES+
. 2.47e+008
360.1731 1.1761

1993 350.6573. | 311761 s 1817 3041852 365 4005 3682353 3692386 574 5ga, 3721711

I B UL ke U B UL I A B S B i s I n s e A 2
356.0 358.0 360.0 362.0 364.0 366.0 368.0 370.0 372.0

Minimum: =145

Maximum: 5.0 1.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

3511.9 0.000 100.00 C20 H27 N O3 P

360.1731 360.1729 0.2 0.6 8.5
135, 3529.5 17.627 0.00 C5 H23 N13 04 P

360.1734 ~0.3 -0.8

ISYNAPT G2-S#UEB205 - MS286f.20-27 06-Feb-201
Y-JL15020624 28 (0.127) Cm (20:89) 1: TOF MS ES+
100~ 360.1731 2.47e8|
|
|
1
=
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‘
1
|
|
3621790
‘ i 201.0319 257.0944 | 369.2386 4622198 638.2408 719.3378  840.4261871.2783 11004817 12304406
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(Z/E)-diethyl (2-(benzylamino)-2-phenylvinyl)phosphonate 12e

(E/Z)-diethyl (2-(benzylimino)-2-phenylethyl)phosphonate 13e

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 91:9,
respectively. Ratio of enamines (Z/E) 12e equaled 84:16, respectively. Ratio of imines 13e
(E/Z) equaled 95:5, respectively.
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GC-MS

Peakif| Ret.Time | Start Tm End Tm miz Area Amea¥t Height Height % A/H
1 10,037 10017 10.063 TIC 125526 0.30 125555 279 ;g%
2 12.680 12523 13.020 TIC| 42836085 55.70 4383451 57.4 .
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

589 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-100 N:0-30 0:0-30 P: 1-1

SYNAPT G2-S#UEB205 MS265

06-Feb-2015
Y-JL15020621 23 (0.108) Cm (20:106)

1: TOF MS ES+

4.43e+008
346.1573

1%% e 318 1259 . 329 1655,332 1417 , I 350. 1319 358. 1572 368 1391 378.1471 395, 1390 398 1699 408 1133

I EEBSEERE miz
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 405 410

Minimum: =1..5
Maximum: 5.0 1.0 50.0
Mass Calc. Mass mbDa PPM DBE i-FIT Norm Conf (%) Formula
346.1573 346.1572 0.1 0.3 8:5 3741.2 n/a n/a Cl9 H25 N 03 P
S T o ~ 06-Feb-2015
‘SYNAPT G2-S#UEB205 MS265 1: TOF MS ES+
| Y-JL15020621 23 (0.108) Cm (20: 0 4.43¢8
100+
=
3 §
| [347.1605
|
257.0043 348.1633 1143.5303
122.9847 2" P37 |, | .350.1319 479.2101 614.2442691 3066 721.3167798.3798___ 959.3932 10664374 11495505 4pp7 4701 o
O T T 360 400 | s00 | eo0 | 700 800 900 1000 1100 1200 1300 1400




(Z/E)-diethyl (2-((4-fluorobenzyl)amino)-2-phenylvinyl)phosphonate 12f

(E/Z)-diethyl (2-((4-fluorobenzyl)imino)-2-phenylethyl)phosphonate 13f

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 90:10,
respectively. Ratio of enamines (Z/E) 12f equaled 86:14, respectively. Ratio of imines 13f
(E/Z) equaled 95:5, respectively.
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13C NMR
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HRMS

Elemental Composition Report : Page 1

Single Mass Analysis

Tolerarice = 1.0 PPM /- DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1422 formula(e) evaluated with 2 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-100 N:0-30 0:0-30 F:1-3 P:1-1

SYNAPT G2-S#UEB205 MS298 06-Feb-2015
Y-JL15020619 52 (0.223) 1: TOF MS ES+
‘ 3.37e+006

364.15 - 365.15 :

%1 assesasaze 302 359,24 36060 ?53'1f 1 2 sees 369.53 570-70 372.06 57 53 Lo
LR R LA A AR KOV AU UL RS BRI SIS PLSULR 5] P BT T8 5 R LR LT B2 30 VR BT R I R ) PG (R LU PR T R TR LG I L LR
-352.0 354.0 356.0 358.0 360.0 362.0 364.0 366.0 368.0 370.0 372.0 37I4.0 I

‘Minimum: -1.5

Maximum: 5.0 1.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

364.1477 364.1478 -0.% =0.3 8.5 1124.2 .0.000 100.00 C19 H24 N O3 F P
364.1474 0.3 0.8 1.5 1136.1. 11.921 0.00 C9 H22 N7 O3 F3 P

SYNAPT G2-S#UEB205 - Ms298 06-Feb-2015
Y-JL15020619 24 (0.112) Cm (20:108) 1: TOF MS ES+
o 364.15 3.04e8|
\
|
=
1365.15
1366.15
| 10905 201.03257.09 33812 36716 500.18 53516 6ap2p 7272074927 psa5 88530 102659 1112411180.32 115 49 1245 37 147059
100 200 ' 300 400 ' 500 600 700 800 900 ' 1000 1100 1200 ' 1300 ' 1400



(Z/E)-(S)-diethyl (2-phenyl-2-((1-phenylethyl)amino)vinyl)phosphonate
129

(E/Z2)-(S)-diethyl (2-phenyl-2-((1-phenylethyl)imino)ethyl) phosphonate
13g

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 92:8,
respectively. Ratio of enamines (Z/E) 12g equaled 90:10, respectively. Ratio of imines 13g
(E/Z) equaled 70:30, respectively.
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'H NMR
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HRMS
Elemental Composition Report Page 1

Single Mass Analysis

‘Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

660 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-100 N:0-30 0:0-30 P:1-1

SYNAPT G2-S#UEB205 264 1.10-16 06-Feb-2015
Y-JL15020625 48 (0.208) 1: TOF MS ES+
v 1.59e+006
256.1104 360.1728
199: 1820372 500.0477 2280791 | 293.0762 HBASI ], edosdg’ BRI 4300  H032%12
R g R e L Ea T SRS ER SRR T i AR £ & SR
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
Minimums: -1.5
Maximum: 50 L0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
360.1728  360.1729 -0.1 -0.3 8.5 915.0  n/a n/a C20 H27 N 03 P
SYNAPT G2-S#UEB205 a - 264 .10-16 06-Feb-2015|
Y-JL15020625 25 (0.115) Cm (18:115) 1: TOF MS ES+
100+ 360.1732 1.27e8
256.1105
ES
L361.1764
200.0479
257.1137
182.0374
bes. 1180 1362.1790
" 1:“‘026.7 ‘ '. 1, ss21547 “’I‘”?? ‘eaaz-ynam‘fa?? B40A2TTOTIZT6A 11004849 12004468 14546042
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400




(2)-diethyl (2-phenyl-2-(phenylamino)vinyl)phosphonate 12h

(E/Z)-diethyl (2-phenyl-2-(phenylimino)ethyl)phosphonate 13h

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 67:33
respectively. Only (Z2)-enamine was formed. Ratio of imines 13h (E/Z) equaled 91:9,

respectively.
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HRMS
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

520 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-100 N:0-30 O:0-30 P:1-1

SYNAPT G2-S#UEB205 MS316 06-Feb-2015
Y-JL15020618 29(0.131) Cm (19:101) 1: TOF MS ES+
2.56e+008
1q 332.14
} 180.08183.02 | 2°w1'03| 2{13.?0 : 229.06 240.06 257.09 276.08 286.10 304.11 318.13 I 335.1%_\/z
T S R A A LR LA 222 RARAA RRARA AARES AN AA BN PSS RS LRGN AR Y BRI LRALA RXES AR RSN ALY LR RARZE BRERSRABRA RASH) MALLE RN B AR REZA A XS
180 - 190 200 210 220 230 240 250 260 270 280 290 ‘ 300 3100 320 330 340
Minimum: =145
Maximum: 5.0 1.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
332.1416 332.1416 0.0 0.0 845 3500.4 n/a n/a Cl8 H23 N O3 P
[SYNAPT G2-S#UEB205 N MS316 - 06-Feb-2015
Y-JL15020618 29 (0.131) Cm (19:101) 1: TOF MS ES+
100- 33214 2.56e8|
|
*
i
333.14
|
257.09 30411
201.03 258.07 276.08 334,15
o 180.08 183.02 193.09 302,04 2130 222.052299230'07 24006  257.07 lzse_mmsm ‘377408 286.10293.08 ?05'" 31843 33211 (’335‘15"1,2

Tt | DA AALAS WARAS RARAS RARR ) DARAE AAAATAARAE RASAH LARRE RAAAS LARS MARAY | LBARA SARRE RAAAS LARS LA SALSE LAAAS
180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340



(Z/E)-diethyl (2-((4-fluorophenyl)amino)-2-phenylvinyl)phosphonate 12i

(Z/E)-diethyl (2-((4-fluorophenyl)imino)-2-phenylethyl)phosphonate 13i

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 63:37,
respectively. Ratio of enamines (Z/E) 12i equaled 99:1, respectively. Ratio of imines 13i
(E/Z) equaled 92:8, respectively.
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F NMR {H}
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13C NMR
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HRMS
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM '/ DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

914 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-100 N:0-30 0:0-30 P:1-1 F:1-2

SYNAPT G2-S#UEB205 MS289 06-Feb-2015
Y-JL15020620 47 (0.205) 1: TOF MS ES+
8.82e+006
1004122.98 201.03 350.13 51317 825.33
s '] I' ‘ 322.1? | 452.18 3 |6991.2§7|22.2? I' e 1013.5§ | 1]74.4'6 - 1397.70 e
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
Minimum: =1+8
Maximum: 5.0 1.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
350.1320 350.1321 -0.1 =03 8.5 1553.3. «n/fd n/a Cl18 H22 N O3 P F
[SYNAPT G2-S#UEB205 MS289 06-Feb-2015
|Y-JL 15020620 47 (0.205) 1: TOF MS ES+ |
1 b 8.82¢6|
| |
A |
|
i
*
\
| |
|
1351.14 i
322.10 |
!
2040 ‘
201.03 276.06. [352.14 |
o i | l. 36515 SS21051317 85723 6992672124 825 7572 101358 2% 11744 serzo

.10
100 200 | 300 400 500 600 700 800 900 1000 1100 = 1200 = 1300 1400




(2)-diethyl (2-((2-fluorophenyl)amino)-2-phenylvinyl)phosphonate 12j

(E/Z)-diethyl (2-((2-fluorophenyl)imino)-2-phenylethyl)phosphonate 13j

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 61:39,
respectively. Only (Z)-enamine was formed. Ratio of imines 13j (E/Z) equaled 80:20,

respectively.
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F NMR {H}
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13C NMR
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HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

527 formula(e) evaluated with 2 results within limits (up to 20 closest results for each mass)
Elements Used:

C:1-150 H:1-200 N:0-50 0O:0-50 F:1-1 P:1-1

SYNAPT G2-S#UEB205 MS324 {20-24 09-Mar-2015
Y-JP15030909 3 (0.141) Cm (3:4) 1: TOF MS ES+
1.74e+006

1q 329.13

%E 311.08 320.07.322.10 | 331.13 343.14  350.13 359.14 367.08  374.13.376.11 384.09 386.09 396'12397'6?71/2

T T T N A R U LA LA A R T e R | R R
310.0 320.0 330.0 340.0 350.0 360.0 370.0 380.0 390.0 400.0
Minimum: o L
Maximum: 1.0 150 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
350.1321 350.1321 0.0 0.0 8.5 1388.8 0.000 99.95 Cl8 H22 N O3 F P
350.1326 =0,5 -1.4 1.5 1396.5 7.699 0.05 C3 H18 N13 04 F P



SYNAPT G2-S#UEB205 MS324 f20-24 09-Mar-2015
Y-JP15030909 3 (0.141) Cm (3:4) 1: TOF MS ES+
. 257.09 7.37¢6
100
201.03
229,08
o
329.13
258.10
1229 207.10
183.02 404.11
98.98 I \ 330.13 |408.15 535.16 St
& V0 S {1 ol asmayy | 53617 607 12 711,16 807.21822.18 g21.21 100239 '°°%7 118713
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Additional data for compounds 13 a-j

Table 1 '"H NMR data for minor (E/Z)-forms of B-iminophosphonates 13a-j

R1
L
NR
P o P(OEt),
H H
(E/Z)-13 §
R1: a= CH3(CHy)s, b= CH3(CHy)7, c= 4-OCH3Bn, d= 2-CH3Bn, e= Bn, f= 4-FBn, g= (S)-(CH3)CHPh, h= Ph,
i= 4-FPh, j= 2-FPh
& [ppm] 13a 13b 13c 13d 13e
He (d) 3.38 3.41 3.40 3.53 3.53
2Jup [Hz] 23.4 23.4 23.4 23.4 23.4
Hg (d) 3.15 3.23 3.21 3.37 3.35
%Jne [HZ] 215 21.9 22.0 22.1 22.1
& [ppm] 13f 13g 13h 13i 13j
H (d) 3.50 ggg 3.32 3.30 3.33
(E) 2 .
Jwe [HZ] 23.4 3 38 23.3 23.3 23.4
H (d) 3.32 3.20 3.39 3.37 3.26
@ ZJup [Hz] 22.1 22.1 225 225 22.9

% signal derived from non chemically equivalent protons (diastereotopic) observed as two pair of
doublets with the same coupling constant



(2)-diethyl (1,1-difluoro-2-(heptylimino)-2-phenylethyl)phosphonate 14a
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F NMR {H}
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 1.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
638 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:
C:1-150 H:1-200 N:0-50 O:0-50 F:2-2 P:1-1
SYNAPT G2-S#UEB205 MS331 UV 09-Mar-2015
Y-JP15030911 3 (0.141) Cm (3:4) 1: TOF MS ES+
3.11e+006
1003 20308 31506 32619 444 854.22 5gp 1737221 39020 PrO L L p— L
LR L R R L Loy L L L ) L A A e L L L L L LA et LA A R LA ML AL A M LA At s i i ks w117
290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470
Minimum: =15
Maximum: 1.0 2.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

390.2008 390.2010 -0.2 -0.5 4.5 1722.1 n/a n/a C19 H31 N O3 F2 P



SYNAPT G2-S#UEB205 MS331 UV 09-Mar-2015/
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(2)-diethyl (1,1-difluoro-2-(octylimino)-2-phenylethyl) phosphonate 14b

(CH3);CH3
/
N| O
Il
P(OEt),
F F
14b
31
P NMR
RN
3 8 S
g g E3
| | |
I
7‘.0 E;.S Ev‘.O 5.5 5‘.0
f1 (ppm)
J“‘
PLs
o~ N
~ N
o N
1‘40 ‘ 1‘20 ‘ 1‘00 ‘ éO ‘ éO ‘ “IU ‘ Z‘O ‘ ‘0 »‘10 ‘ -‘30 ‘ -‘70 ‘ -E‘)U ‘ -1‘10‘ ‘ -1‘40‘ ‘ -1‘70‘ ‘ »2‘00‘ ‘ -2‘30‘

-50
1 (ppm)



F NMR {H}
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Elemental Composition Report Page 1
Single Mass Analysis

Tolerance = 1.0 PPM_/ DBE: min =-1.5, max = 50.0

Element prediction: Off )

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1994 formula(e) evaluated with 2 results-within limits (up to 20 best isotopic matches for each mass)

Elements Used:

C:5-100 H:0-100 N:0-30 0O:0-30 F:1-3 P:1-1

SYNAPT G2-S#UEB205 MS302f.23-27 06-Feb-2015
Y-JL15020616 28 (0.127) Cm (18:89) 1: TOF MS ES+
: 2.69e+008

1Q 387.23 397.42 401.13 404.22 . 40522

%’iﬁz&ls 23 | i 3910 20 . 392 16 : 394 1539634 39]8 17. : 400 13 A '.| 402[20 I 2 & 406 22408 2240%‘(7‘5
386.0 388 0 390.0 392 0 394 0 396 0 398.0 400 0 402.0 404 0 406 0 408 0

Minimum: =125

Maximum: 5.0 1.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

404.2163 404.2166 -0.3 ~0.7 4.5 3444.9 0.000 100.00 C20 H33 N O3 F2 P

404.2160 053 0.7 1.5 3463.7 18.817 0.00 C8 H28 N13 O3 F P
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(2)-diethyl (1,1-difluoro-2-((4-methoxybenzyl)imino)-2-phenylethyl)

phosphonate 14c
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 2.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
753 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:
C:1-150 H:1-200 N:0-50 O:0-50 F:2-2 P:1-1
SYNAPT G2-S#UEB205 MS337 WU 16-Mar-2015
Y-JP15031604 3 (0.141) Cm (3:4) 1: TOF MS ES+
5.39e+006
1Q0~ 390.15 408.16 41215 492.19
93 394.18 41415 4281243018 44414 4501045210 46621 47407 48164 48419 ﬁVz
S - — = — - s

385 390 395 400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490

Minimum:

Maximum: 1.0
Mass Calc. Mass mDa
412.1483 412.1489 -0.

6
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5

i)
50.0

i-FIT

1821.1

Norm Conf (%)

n/a n/a

Formula

C20 H25 N 04 F2 P



SYNAPT G2-S#UEB205 MS337 WU 16-Mar-2015

Y-JP15031604 3 (0.141) Cm (3:4) A ey
1001 215 5.39e6

o

413.15
414.15
394.18 AT
390.15 408.16412.11 428.12 43413

o 1 | sese . 41516 42606 | | 44414 4501045125 46013 46621 47407 __ 48164 410 aopro

i T

385 300 395 400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490




(2)-diethyl (1,1-difluoro-2-((2-methylbenzyl)imino)-2-phenylethyl)
phosphonate 14d
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13C NMR
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HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 2.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

664 formula(e) evaluated with 2 results within limits (up to 20 closest results for each mass)
Elements Used:

C:1-150 H:1-200 N:0-50 O:0-50 F:2-2 P:1-1

SYNAPT G2-S#UEB205 MS339 WU 16-Mar-2015
Y-JP15031605 4 (0.175) Cm (3:4) 1: TOF MS ES+
3.486+007
396.15
%1 31506 331 33919 3572036017 37816 L 412.12 41814 43411 44506 46222 48223 496.20
LS AR R LA RS Ak L LA LA RS LA LA LA T AR AR R LA R LA L UAGALERA R AARAI RAA Ml b ARt s il 11 4

T T T T
310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

Minimum: s )
Maximum: 1.0 2.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
396.1540 396.1540 0.0 0.0 8.5 1992.0 0.000 100.00 C20 H25 N O3 F2 P
396.1545 =0.5 -1.3 1.5 2015.5 23.474 0.00 C5 H21 N13 04 F2 P
[SYNAPT G2-S#UEB205 MS339 WU 16-Mar-2015
Y-JP15031605 4 (0.175) Cm (3:4) 1: TOF MS ES+
100+ 9915 3.4807
=
B97.16
360.17
237.01 595 08 [398.16
10507 0103 | | | 20408 | | 4121248223 620.60674.22 /"0 81328 943.24959.21974.81 __ 1110.79 1178.78 1246.76 1314.75 1382.73 1450.47
0 T T 1 T T ™ T T T T T T T T T T T T T T T T miz
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(2)-diethyl (2-(benzylimino)-1,1-difluoro-2-phenylethyl)phosphonate 14e
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HRMS

Elemental Composition Report

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1662 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)

Elements Used:
C:5-100 - H:0-100 N:0-30 ©0:0-30 F:1-3 P:1-1

2.14
| 383.14 384.14 3

Page 1

06-Feb-2015
1: TOF MS ES+
1.60e+008

SYNAPT G2-S#UEB205 MS3131.103-108
Y-JL15020615 29 (0.131) Cm (19:85)
38
"3%5 373.10 . 374.34 376.00 3781337844 38012 38113
" 3740 376.0 378.0 380.0
Minimum: =-1.5
Maximum: 5.0 1.0 50.0
Mass Calc. Mass mDa PPM DBE i~-FIT Norm

382.1384 382.1384 . 0.0 0.0 8.5  3297.8 n/a

Conf (%) Formula

85.15 386,11 367,12 368,13%88.39,
386.0 388.0

C19 H23 N O3 F2 P
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(2)-diethyl (1,1-difluoro-2-((4-fluorobenzyl)imino)-2-phenylethyl)
phosphonate 14f

P(OEt),

14f

3p NMR

6.26
5.64
5.02

L
\

101438

2

8

&
|

, I

T T T T T
11 10 9 8 7

81322

6 5 4 3 2 1 0
1 (ppm)

o

1014.38
913.6¢
813.22

o

T T T T
7.0 6.5 5.0 4.5

6.0 5.5
f1 (ppm)

e
~N s
o Y
o~

T T R L e e e e A e

140 120 100 80 60 40 20 0 -10 -70 -90 -110 -140 -170 -200 -230

-50
f1 (ppm)



69°€9TH- —
8T'89ETH- —

+8'9810b- —
97'98€0b- —

£8'STT- —

$S'L0T-~_
1201~

1 NMR
{H}

o \M
9980 — —

-108 -109 -110 -111
f1 (ppm)

-107

-106

-107.5 -108.0 -108.5
f1 (ppm)

-107.0

-106.5

97'929Eh- —

-1155 -116.0 -116.5 -117.0
f1 (ppm)

-115.0

-114.5

- 9€L
=~+9'C6

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

-10

'H NMR

6L°0
180
£8°0
61T
61T
7wt
T
wn
wT
S9'T
194
11584
jA84
i4%4
STy
LTy
6Tt
(iI44
jtad
wy
0St

e e 0

169
€69
S6'9
(e
814~
612
124
2L
et
€L
vee )
et
8eL
8eL
6.4
662 ]
6€L
ov'e
WL
WL
(st
85
09¢

—

s

<
-
-
]
8T’y =
£6'sLb £
- - o~ a
se'zsy LNe
20°€8y - o
bb68Y =
0106
“
o~
(=3
|
b
$9'809T
64'ST9T — - n
: L2
62291 ~ _ pd
656531
@iﬂ/ S
£5°959T r s
oEmEW
€9ESIT — = n
08591~ L—E
161991~ Ta
80°0£9T — =]
8T°LL9 <3|
S2°089T —~ <
824891
bE'L89T n
LE'T69T L o
PrP69T A
25'669T
05101 Q
L0t F <
96'TTLT
S8HILT n
0€'6TLT L @
<
o .
LT 0S'b9LZ~_
< STELLT—
093867
9E'bL8T
L9 60°48C
Ye 120682
T2b682
aQ
S 0b'9687 —
&
. 01
6r66L— | T 0810562
- 0’7562
£2'b56C
6€'S56¢
0 92'9567
< 658567
66'0967
L0°€96T
8L°4967

8C'SLY ~
€6'SLY —

SET8Y ~—
20e8y ——

vb'68Y
01°06% M

120 1.19
f1 (ppm)

1.21

1.22

T T
7.1 6.9
f1 (ppm)

T
7.3

T
7.5

-00"9

H9b
=96'T

6T
=20
hez:

f1 (ppm)

15 14 13 12 11 10

16



13C NMR
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HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1936 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-100 N:0-30 0:0-30 F:1-3 P:1-1

SYNAPT G2-S#UEB205 MS308 £.20-28 06-Feb-2015
Y-JL15020614 34 (0.150) Cm (19:108) 1: TOF MS ES+
3.18e+008
400.13401‘13
%3 380.12 382.14 %% 38611 388.13300.07 392.|22393'22I 3962430817 |/ 40314 406.23407-24 4111 445 09 414,11 e
380.0 385.0 390.0 395.0 400.0 405.0 410.0
Minimum: -1.5
Maximum: 510 10 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
400.1291.. 400.1289 0.2 0.5 8.5 3525.0 n/a n/a Cl9 H22 N O3 F3 P
SYNAPT G2-S#UEB205 - MS308 f.20-28 o o 06-Feb-2015|
Y-JL15020614 34 (0.150) Cm (19:108) 1: TOF MS ES+
100- 40013 3.18e8
' =
401.13
1402.14
100.05139.04 237.01203.08 372.10| 422.11 537.16 61866 71418 821.23 8gg.15 92432 1117.21 1187.64
T T T T T T T | S0 RS A | | SR | T TrYrry T T T T T T T T T T T miz
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 |




(S,2)-diethyl (1,1-difluoro-2-phenyl-2-((1-phenylethyl)imino)ethyl)
phosphonate 149
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F NMR {H}

TrotT-
98'60T-
6v°L0T- —
Lot 7

o
TroTT-— — S
2
98'60T- — - il
=
D~
o
=g
=]
o
=
<
o
o
\o
6b°'L0T-— —
T L0T- —— <
~
o
S
:
N
~
o
2
:
n
5
61°L0T-— — =
N
58
Ta
o
]
o
z
“
~
o
\o
. o~
wLoT-—— ~
o
A0

- 98T
~+1'86

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

-10

'H NMR

T0'6€9T a

69'vH9T —
6291 9€'0591
S€91 W. N\
0b'91

bEve —

8719
bS'v9 S
€9'%9
6949

69711
08'p1T /
£€'STT
SPLIT
-7
998zt

L6971~

06'L21 -F
82T
8b°8CT

L5'6CT

bl —

8€°T9T
ST9T
$9'T9T
6°T9T
T6'T9T
S0°C9T - 86'vTLTT —

66'LL2T —

LL'898TT —

99°6T6CT ~_
85'92671 -~

+0°9€0ET —

:

—06'€619

1'2059

—9/'8059

—SE'8EETT

—69'0SSTT
00917

S'9T8TT
—89'698TT

—E€T1'T80CT

16.4 163 16.2 16.1
f1 (ppm)

16.5

64.4

64.6
f1 (ppm)

64.8

17 115 113
f1 (ppm)

119

121

<
<
~N
£
[ 8009919 ———=
79'8bT e
e
@
<
o~
G}
-l
m
2
<
L o~
fE
_ _BTTET )
— ~S°00z€T e
n
L =
™
=
o
L <
=
™
o<
=
+7
oot | LR
——gg00sbT [ = &
&
s
wn
L <
hY
©o
L <
3

o

o~

A ]

5 \

] /ﬁm@me
~ 715291
£ NTe99r

Q g _RLLLT9T
e .

S D /seseor
&z \eo.momﬁ

k=

o~

A ]

(=3

(2]

a

T
60

T
61

T
62

T
63

161.6 161.2
f1 (ppm)

162.0

162.4

f1 (ppm)

-10

200 190 180 170 160 150 140 130 120 110 f %00 ) 90 80 70 60 50 40 30 20 10
ppm

210



HRMS

Elemental Composition Report : . Page 1

Single Mass Analysis -

Tolerance = 1.0 PPM /. DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1869 formula(e) evaluated with 2 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-100 N:0-30 0:0-30 F:1-3 P:1-1

SYNAPT G2-S#UEB205 MS279f.22-34 06-Feb-2015

Y-JL15020617 29 (0.131) Cm (17:107) 1: TOF MS ES+
. 1.32e+008

396.15
10,3:; 18006 2180229603 26408 i :‘I’(’B"I""3:?3.11I I357.]2038""1:t L 41814 45420 47008 486,05
180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

Minimum: -1.5

Maximum: 5.0 1.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

396.1537 396.1540 -0.3 -0.8 3253.3 0.000 100.00 C20 H25 N O3 F2 P

85
396.1534 0.3 0.8 5.5 3267.9 14.548 0.00 C8 H20 N13 O3 F P

w

SYNAPT G2-S#UEB205 - MS279f.22-34 o B 06-Feb-2015|
|Y-JL15020617 29 (0.131) Cm (17:107) 1: TOF MS ES+ |
['t00: 396.15 1.32e8|
|
|
[
|
202,09
-
236.03 397.16
264,06 293.09
398.16
237.03
265.06 294.10
ol. 18008 19800 21802 262,00 | 292'°§](( 30806 33341 35720 382.14.396.11. M1814 4311 45420 47008 #01040107
T LAY B4 T T | RARAY BAARE B | SARA T T T T T T T T T T T T T T T T T T LARASS | T
180 200 220 240 260 280 300 320 340 360 380 400 420 440 460



(2)-diethyl (1,1-difluoro-2-phenyl-2-(phenylimino)ethyl)phosphonate 14h
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F NMR {H}
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HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electronlons =~~~ : )

1724 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 - H: 0-100 N:0-30° 0:0-30 F:1-3 P:1-1

SYNAPT G2-S#UEB205 MS303 f:11-15 06-Feb-2015

Y-JL15020612 28 (0.127) Cm (19:64) 1: TOF MS ES+
1.01+008

. 386.11

%1 23701 26504 29308 33005 35808 | ?9&[17 [420-13 459.18 4[77':6 51317 55022 20821

e LT L o LA L R L L L L L L L Rl K] LA L) L) LA R EaAs LALRY LSS RAERY L) LR
020 | 240 | 260 | 280 | 300 320 340 360 380 400 420 440 460 480 500 520 540 560

Minimum: =16

Maximum: 5.0 1.0 50.0

Mass Calc. Mass mbDa PPM DBE i-FIT Norm . Conf (%) Formula

386.1136 386.1133 0.3 0.8 8.5 3065:7 n/a n/a C18 H20 N O3 F3 P
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(2)-diethyl (1,1-difluoro-2-((4-fluorophenyl)imino)-2-phenylethyl)
phosphonate 14i
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F NMR {H}
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HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even:Electronlons . .

1724 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 - H: 0-100. N:0-30° 0:0-30 F:1-3 P:1-1

SYNAPT G2-S#UEB205 MS303 f11-15 06-Feb-2015

Y-JL15020612 28 (0.127) Cm (19:64) 1: TOF MS ES+
1.01e+008

v 386.11

%1 23701 26504 20308 33005 35808 | ?93-"7 ‘42°~13 459.18 4I77'l16 5137 55022 ?68'3;/2

T T T T TR T T T T T I T T T RS RLARN SRR ARRE LAAAN ALY AR LA LAY LALAY LAARN LAY RARAN LARAS RALAS LARLS LALAN SRS LAAAN LERRS LAE] LALLN LAY RARLS LALRY LILEN Land
oo oh0 " 260 | 280 | 300 | 320 340 360 380 400 420 440 460 480 500 520 540 560

Minimum: -1.5

Maximums: 5.0 150 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

386.1136 386.1133 0.3 0.8 8.5 3065.7 n/a n/a C18 H20 N O3 F3 P
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(2)-diethyl (1,1-difluoro-2-((2-fluorophenyl)imino)-2-phenylethyl)

phosphonate 14i
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F NMR {H}
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13C NMR
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 1.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
494 formula(e) evaluated with 2 results within limits (up to 20 closest results for each mass)
Elements Used:
C:1-150 H:1-200 N:0-50 0O:0-50 F:3-3 P:1-1
SYNAPT G2-S#UEB205 MS325 {8-15 09-Mar-2015
Y-JP15030908 3 (0.141) Cm (2:4) 1: TOF MS ES+
2.65e+005
. 333.07 354.22
% 341.31 35623 368.12374.05384.15386.11 30414 4020840408 418.05424.07426.06_437.19_440.04450.00%%:17
e e R B e el e S oY
340 350 360 370 380 390 400 410 420 430 440 450
Minimum: =1+5
Maximum: 1570 1) 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
386.1137  386.1133 0.4 1.0 8.5 980.5 0.000 100.00 C18 H20 N 03 F3 P
386.1138 =0wd =033 1.5 993.3 12.840 0.00 C3 H16 N13 04 F3 P
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293.08 1.98¢6
100
237.01
1265.04
B
315.06
354.22
607.13
10508 234.04 402,08 \ 625.14
03 139.04 59115 |
o Yacck 1 ﬂ. | 40408 467.00 | yoa1s7aronrsaos ®712 ogn17 100915 1912 ipisgs  PT900  q4p3q0 140922
T T 1 T T 1 T T T T T T T T T T T T T LA | T T | B T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

lll.By-products of electrophilic fluorination - diagnostic data

1 1 R’
R\NH 0 leN (I? Selectfluor® N|Jv (l?
Il pp—ry —_—
Ph)\“‘P(OEt)Z - Ph)\/P(OEt)Z CH,CN Ph&P(OEt)Z + By-products
45 °C F F
12 13 14
By-products:
y p O pR’I NJJ R1
N o)
S G N
Ph Ph F-P(OED): pp cF,
F F
19 20 21 22

Diagnostic signals for 2,2-difluoro-1-phenylethanone 19

'H NMR (CDCl3): 8- 6.3 (t, “Jyr = 53.5 Hz, 1H), *F NMR (CDCl3): 8¢ --122.6 (d, 2Jgy = 53.5
Hz, 2F)

Diagnostic signals for 20

'H NMR (CDCly): 8= 6.2 (t, “Jyr = 55.4 Hz, 1H), *F NMR (CDCls): 6= --118.1 (d, *Jpy = 55.4
Hz, 2F)



Diagnostic signals for 21

F NMR (CDCl3): 8=-81.1 (d, 2Jep 966 Hz, 1F), **P NMR (CDCl3): 8= -9.2 (d, *Jpr 966 Hz,
1P), GC-MS: m/z = 156.1 [M"]; retention time: 6 min

Diagnostic signals for 22

F NMR (CDCls): 8¢--71.6 (8)

diethyl (1,1-difluoro-2-(heptylamino)-2-phenylethyl)phosphonate 15a
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'H NMR
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1 NMR
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HRMS

Elemental Composition Report . Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

2649 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)

Elements Used:

C:5-100 H:0-100 N:0-30 0:0-30 F:0-3 P:1-1 ;

SYNAPT G2-S#UEB205 MS314 f.4-6 06-Feb-2015

Y-JL 15020606 42 (0.180) 1: TOF MS ES+
4.62e+006

; 392.22 393 22 :
"Biar921 38241 38415 386.13 3883939020 | 7 385.22" 5ga.17 99817 402.54.403.17 406.23 408.19 4104841118

T T T o [ e, s Pt e

T T T
380.0 3825 3850 3875 3900 3925 3950 @ 397.5 400.0 4025 4050 4075 41 6.0

Minimum: -1,5

Maximum: 5.0 Tl 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

392.2166 392.2166 0.0 0.0 35 1206.3 n/a n/a Cl19 H33 N O3 F2 P

SYNAPT G2-S#UEB205 MS314 f.4-6 ) ~ 06-Feb-201
Y-JL15020606 29 (0.131) Cm (19:92) 1: TOF MS ES+
s 39222 3.12¢8
|
|
‘
=
393.22
o [1%0% 159,04 221.02 F 036419 309.17 50853 610.38 72734 805.41867.96 95266 1054.66 1655 119481 1550 55 138937
T T T T T T T T \S PAdA | | S | T T A58 SAAA RARSY SAAAE RAAAS RARASE BARLS § T T T AR ASEAS RARAS ) m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 ' 1300 ' 1400 o



diethyl (1,1-difluoro-2-(octylamino)-2-phenylethyl)phosphonate 15b

H3C_(CH2)7\NH O

IFI’(OEt)z
F F
15b
3p NMR

f: -—1081.19
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1 NMR
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'H NMR
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13C NMR
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HRMS

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
2956 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:
C:5-100 H:0-100 N:0-30 0:0-30 F:0-3 P:1-1
SYNAPT G2-S#UEB205 MS310f.7-12 06-Feb-2015
Y-JL15020607 28 (0.127) Cm (20:80) 1: TOF MS ES+
2.73e+008
408.23 407.24
QTR w812 30020 s 2 sopap senr PO aopzr avaze | 7" aves 2102
386.0 388.0 390.0 392.0 394.0 396.0 398.0 400.0 402.0 404.0 406.0 408.0 410.0
Minimum: -1.5
Maximum: 5%0. 1.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
406.2325 406.2323 0.2 0.5 358 3499.1 n/a n/a C20 H35 N 03 F2 P
[SYNAPT G2-S#UEB205 MS310f.7-12 06-Feb-2015
| Y-JL15020607 28 (0.127) Cm (20:80) 1: TOF MS ES+
- 406.23 27
®
1407.24
‘ 1408.24
’ ol1180 32 22100 27418 37820 40954 40017 649.43 79943 3344 80539 066,68 19888 143054 1160.62
P T T T T T T T T T T T m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400




diethyl (1,1-difluoro-2-((4-methoxybenzyl)amino)-2-phenylethyl)
phosphonate 15c
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F NMR {H}
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1 NMR
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'H NMR
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HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
2159 formula(e) evaluated with 1 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100 H:0-100 'N:0-30 0:0-30 F:1-3  P: 11

SYNAPT G2-S#UEB205 MS315 06-Feb-2015
Y-JL15020610 25 (0.115) Cm (20:96) 1: TOF MS ES+
1.426+008
414.16
1%’% 37415 382.14 394 15 388.13 30222 308.17 402.14 406.23 41215771 41617 419 35 42818 430,13432.13 436.15 4‘“-1;12
LZ 2 ] ISR O P S LN O N I O 0 W SO VT R SR I LTSRN PG L ) W SR I L I Sy LN N N R LN I N P Y S
380.0 390.0 400.0 410.0 4200 430.0 440.0
Minimum: =15
Maximum: 5.0 1.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
414.1645  414.1646 -0.1 . ~0.2 1 7.5 3192.6 n/a n/a C20 H27 N 04 F2 P
ISYNAPT G2-S#UEB205 - MS315 N s ~ 06-Feb-2015
Y-JL15020610 25 (0.115) Cm (20:96) 1: TOF MS ES+
| 1004 41416 1.42e8
[ [
\
i
[
*4
41517
121.07
122.07 ‘/18'17
A18.07 236.03202.00 0013 | 43213 sags0 00345 70128  827.32849.30 91127 08562  1076.61114640  1262.48 1398.79 i
Y T | DAARE RARSS | T T T T A RARSY | T | S4AAE RARSS 34 T T | RS A T T M BAAAS AAGAS RA T T A A T
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diethyl (1,1-difluoro-2-((2-methylbenzyl)amino)-2-phenylethyl)
phosphonate 15d
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HRMS

[Elemental Composition Report : e ' : Page 1

Single Mass Analysis

“Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction; Off

Numiber of lsotope peaks used for |-FIT 3

‘Monmsotoplc Mass Even Electron lons

-1897 formula(e) evaluated w1th 2 results within limits (up to 20 best isotopic matches for each mass)
Elements Used: - -

‘C:-5-100 - H: 0-100 N030 0030 F13 P11

‘SYNAPT G2-S#UEB205 _ M8293f9 15 ' © 06-Feb-2015
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_ ' "3.33¢+008
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385.0 3900 395.0 4000 4050 4100 4150

‘Minimum: -1.5
Maximum: = - 5.0 1.0 50.0-
Mass ~  Calc. Mass mDa  PPM  DBE  i-FIT = Norm Conf(%) Formula
1398.1693  398.1697  -0.4 -1.0 7.5  3546.2 0.000 100.00 C20 H27 N 03 F2 P

' 398.1690 0.3 0.8 © 4.5  3564.9 18.688 0.00  C8 H22 N13 O3 F P
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diethyl (2-(benzylamino)-1,1-difluoro-2-phenylethyl)phosphonate 15e

1l
P(OEt),
15e
31
P NMR
™Mo O T
NN Y
oo
R ALY
N—=—O
o o
—
™ o <
N AN ©
n [s\ =] ~
n n n <
o~ — o
i o i
\ N \
I
w
T T T T T T T T
78 76 72 70 68 6.6 64
f1 (ppm)
i
‘ |
&
<
o
o
i
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
140 120 100 80 60 40 20 0 -10 -90 -110 -140 -170 -200 -230

0 -50 -70
f1 (ppm)



9 NMR{H}

wzer-
bLTCT-
wrer-
¥6'02T-
8C'8T1-
TO'8TT- /
WLIT-
6T°LTT-
09°TTT-
mm..S.TV
08'0TT-
€S°0TT-
00°£0T-
€£°90T-
£1°90T-
06'S0T-

0T TH6SH- ~
66'SE8SH- — -
ST'6£950- — -

06°'2€550-

Adorod

TS7LT0Th ~

LL9T6TH-— =
SEVILTE— =
67ET9TY-~"

-120

-115

-110

f1 (ppm)

n
o
o~
S
:
<
02 T65b- — 9
i
66'SE8SH- —
nE
—Q
~NQa
Se
!
ST6£95b- *
<
o
06°2€SSb- a3
bt}
o
o~
i
wn
15°LT02b- —
a
a
LL9T6TY '

-~
£
aQ
=y

&

SEPILTY- pal
n

62°ET9TH- =]
i

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

-10

F NMR

soezt-

(i -

Fraras
96°0CT-

09'1T1-
eeTr-\

6L°0TT-
50Tt

SE'0S65- ~_
T9'9¥8Sh- — —
+0'6v95H- — —

0T THSSy-~"

62°8T0CH~ ~_
bILI6TY- —  —

TLETL T — -
LETT9TH- "

-112 -114 116 -118  -120  -122
f1 (ppm)

-110

-122.0 -122.5

-121.5

-121.0

-111.5

-110.5

f1 (ppm)

f1 (ppm)

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

-10



Wi

'H NMR

s

29'95h ~_
86'950

89'€9h ~_
orp9y

06'0LY ~_
[2 Vit

L6°LLy ~_
LS'8Ly

90°S58Y ~_
$9'S8y

T9'P6ET —
TLLOPT — —

06'SLbT —
66'88YT —

TT68ST
TE06ST
9THTI9T

LE°TT9T
008291
06°0£9T
LT'6¥9T
£T79591
YELSIT
Sb'659T
16'T99T
SP99T
5579991

69°699T ~& —

WL T
L9°€L9T
0£°€89T s

1.18 1.16 1.14

f1 (ppm)

1.20

1.22

3.4

3.6 3.5

f1 (ppm)

3.7

3.8

68'#9ST —

86'TLST —

ST08ST ~— —

60'785T — —

TT68ST ~_ _.
TE06ST —

Sp'L6ST — —

ET°L09T — —

3.94

f1 (ppm)

3.98

4.02

79'598C
$S'748T

YAS 74:14 V
Yh9L87 —
66°£48C .
92887 \y —
95°+88C =
58°688C

80'T68C

TLT68C

[44\ 1474 —
¥6'126C V =
Y67 — =

DﬁNmN\u
QN.QN%\ \
No.omﬁ \ \
T16'¥E6T

f1 (ppm)

BC NMR

7.15
10

7.20
11

735 730 7.25
f1 (ppm)
14 13 12

15

16

Y91
ST9T
6791
1€°91

0TS —
€9
19°€9
59°€9
69'€9
08'€9
¥8'€9
88'€9
+0'v9
99
€€
S9'b9
w9

99'ST1
SLLTT
62811
ZE8TI
6€°021
20zt
96°021
soeet "
6121 —
6€'821
6€'821
28zl
19821
6Tt
ShHET
TSBET
A3

TE'EEIT . _
175€91 — ~
£9°6€9T ~  —
orTHer -

bE'S8E9

0£°00¥9 A\
18409 k
96'80¥9 —
81°02H9 —=:

LEYTHY ﬁ

TH'82v9
18°€b¥9

85959 <7
8L°TLYY \

8575059 ~
617219 —

16.5 16.4 163 16.2 16.1 16.0

f1 (ppm)

-10

30 20 10

129 128 127
1 (ppm)
110 100 90 80 70 60 50 40
1 (ppm)

130

120

n .
o bESsEI— — n
wn F M
o
04°00v9 — — r
~I8HOP9 — — N
S Eoegor9 — — [ =5
- oa
ng ~
o80T — — Eo=
LEhT9 — — .
TH8Tr9 — — L o
o
F scseer——
eI — — o
L <
o
ST6T6CT
196162
or'zeset /- —
erreer /.
S8'T20ET —
W\s\mmmm
4 n esseser
a
. bt
L et — —€8'/€9T1
o
~
pat
e _5S'8Y8TT
re E £°€06TT e
190611
- & ze
ng =
rd 0'vTTZE
691121 [ o
s LT -
<
re
| g
———Sve8et T o TNISE

A J‘A
130

140

139 138 137 136 135
1 (ppm)
200 190 180 170 160 150

210




HRMS
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

600 formula(e) evaluated with 2 results within limits (up to 20 closest results for each mass)
Elements Used:

C:1-150 H:1-200 N:0-50 0:0-50 F:2-2 P:1-1

SYNAPT G2-S#UEB205 MS319 159 09-Mar-2015
Y-JP15030906 10 (0.437) Cm (10:11) 1: TOF MS ES+
1.67e+006
384.15
% 3290133118 _339.10.341. 303532735612365113671337014 | 38616 400.12402.12 ‘“0134181142011 430.92
331 .11,

™ T T 1 T TR T T m/z
320 325 330 8335 340 345 350 355 360 365 370 375 380 385 390 395 400 405 410 415 420 425 430

Minimum: ~1..5
Maximum: 1:0 1.0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT Norm Conf (%) Formula
384.1541 384.1540 0.1 0.3 T+5 1651.5 0.000 100.00 C19 H25 N O3 F2 P
384.1545 -0.4 -1.0 0.5 1675.0 23.522 0.00 C4 H21 N13 O4 F2 P
SYNAPT G2-S#UEB205 MS319 {5-9 09-Mar-2015
Y-JP15030906 4 (0.175) Cm (3:4) 1: TOF MS ES+
007 384.15 7.13e7
3
685.16
286.16
133.05.' 2% 2010203603 35612 40212 6112762025 '°>27 78928 851.24867.23 106635108638 114831 123080 54, 54
0 T T T T T T t T T T SRR T T T T T T T T T m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400




diethyl (1,1-difluoro-2-((4-fluorobenzyl)amino)-2-phenylethyl)
phosphonate 15f
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15f
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HRMS
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 1.0 PPM /. DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
1969 formula(e) evaluated with 2 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:
C:5-100 H:0-100 N:0-30 0:0-30 F:1-3 P:1-1
SYNAPT G2-S#UEB205 MS297WV . 06-Feb-2015
Y-JL15020608 52 (0.223) 1: TOF MS ES+
1.45¢+006
402.14
% 38214 384.15 39015 39595 393220  398.17 LA 405;23 408.24 412.00 41‘?-‘2 418.11 s e
380.0 385.0 390.0 395.0 . -400.0 405.0 410.0 415.0 420.0
Minimum: -1.5
Maximum: 5.0 1.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
402.,1445 402.1446 -0.1 =02 245 7354 0.004 99.58 Cl9 H24 N O3 F3 P
402.1442 0.3 0.7 25 740.9.  5.479 0.42 C13 H26 N3 08 F P
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(R/S)-diethyl (1,1-difluoro-2-phenyl-2-(((S)-1-phenylethyl)amino) ethyl)
phosphonate 15g
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Elemental Composition Report Page 1-
Single Mass Analysis
Tolerance = 1.0 PPM / DBE: min = -1 5 max = 50 0
Element prediction: Off
“Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons :
2789 formula(e) evaluated with 3 results within hmits (upto 20 best |sotop|c matches for each mass)
Elements Used:
C:5-100 H:0-100 N: 0-30 0:0-30 F 0-3 P 1-1
SYNAPT G2-S#UEB205 " Ms282 06-Feb-2015
Y-JL15020605 36 (0 157) Cm (19: 117) . 1: TOF MS ES+
: 3.30e+008
1 o 3g4qs37 - 998169344, 4076 429.2401 436.1251
Q%% 359.2‘120 ‘ 370.|1380 : 380.|178? | z ‘ A 5 o 4141398420 1512 : 441 1749
-360.0 370.0 380.0 390.0 400.0 41 00 ' 4200 430.0 440.0

Minimum: -1.5
Maximum: 5.0 1.0 50.0.
'Ma.ss .Calc_. Mass mDa PPM DBE i-FIT Norm Con_f(%) Formula
398.1693 398.1697 - -0.4 =-1.0 gL 3599.4 0.000 100.00 <C20 H27 N O3 F2 P

398,.1692 - 0.1 0.3 2r5 . 3619,6 20.189 0.00 Cl4 H29 N3 08 P

398.1690 0.3 0.8 4.5, 3626.2 26.811 0.00 C8 H22 N13 O3 F P
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HRMS

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 1.0 PPM /. DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
2220 formula(e) evaluated with 2 results within limits (up to 20 best isotopic matches for each mass)
Elements Used:
C:5-100 H:0-100 N:0-30 0:0-30 F:0-3 P:1-1
SYNAPT G2-S#UEB205 MS321 WV 06-Feb-2015
Y-JL15020604 31 (0.138) 1: TOF MS ES+
4.19e+006
1Q 370.1382 686.2036 839.1979 952.3841 1070.4446
8_% 182.0970221.01?9 | 502.2070 ; 761 .251[8 . 'l ¥ 1172.4602 — miz
R L L I L S P B B B LN N AU R by RERL R LALLE FLEELA KIS KRR BRI IR SR R R PEERL LT LEVCEET TR LI
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
Minimum: -1.5
Maximum: 2.0 1.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
370.1382 370.1384 -0.2 -0.5 7.5 1180.8. 0.000 100.00 - C18 H23 N O3 F2 P
370.1379 0.3 0.8 2.8 1194.8 14.014 0.00 Cl2 H25 N3 08 P
SYNAPT G2-S#UEB205 - T MS321 WV B B 06-Feb-2015)
Y-JL15020604 28 (0.127) Cm (20:83) 1: TOF MS ES+ |
| 100+ 0.14 1.02e8
ES
371.14
392.12
100,01 18210 2200227799 55 11) 90312 50221 g0527 esez0 | '25;732.42339.19 91036 103258 1130.38 e : iz
100 200 | 300 | 400 | 500 | 600 700 800 900 1000 1100 1200 1300 ' 1400




diethyl (1,1-difluoro-2-((4-fluorophenyl)amino)-2-phenylethyl)

QL
NH (”)

phosphonate 15i

P(OEt),
F F
15i
31
P NMR
WV INnao
Nwowo
N Y Y Y
\k
N o~
© o®m o))
IS} o © i
=3} NN <+
— S o N
— — [«))
| N |
|
|
|
T T T T T T T T T
74 7.2 7 6.8 6.6 64 6.2 6.0 5.8
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
140 120 100 80 60 40 20 0 -10 90 110 -140 -170 -200 -230



1 NMR

8L°L€9/b-
9 €€/ b
67°629/b-
€5'9¢1-1 50°529/p-
C5'9CT~1 6/°029Lb-
15'9¢1-1 £9°9T9/t-
6t'971- 1
86921 {
Lb9TT-
68021 |
¥8°02T- 1
29'021-
95°0Z1-
60°021-
£0°02T- 4
T8'6TT-
9,'6T1-/
€0°TTT-
10°TTT- 4
9£°011-/
$£°0T1-
€Z°0TT-
02°0TT-
om.moi
£6°60T-

0£'9T55b- 4
0T'96b5b-
LY TTYSh-
S8°T6ES- |
0£°TTTSY-+
80°26T5b- 1
$.w8mi
08°£80Sb-

80°708Tb- |
16'S6LTH- |
€5°20L T
9E'¥69TH-
£0°00STh- 1
06'T66T-
81865 TH-
ZE06ETH-

———
[N}

|

-110

-116  -118  -120
f1 (ppm)

-114

-112

L 049185y~
01°96b5b- /-

-127.2

LY TIPS~
S8'T6ESH- —

-126.8

-126.4
f1 (ppm)

- 0£°CTCSh-~
80°¢6TSh-—

-126.0

PP'80TSH- —
08°£80St-—

-125.6

-120.7

-120.4

f1 (ppm)

-120.1

-119.8

T16°S6/LTH-

€5°20LTH-~
9E'¥69TH-

wo.vow:q-w HM”
—

€0°00STH-~.
06 T6VTH-

i

8p'86ETH-~
CE06ETH-

-110.4 -110.8

-110.0

f1 (ppm)

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

-10

'H NMR

—

L |

om.mﬁoﬂ
No.mmoﬂz
ﬁm.mmwﬂ/v
[4 414"
LL6C9T —
T0'TE9T
§§7CE9T
60'+€9T -
£9'6€9T
P'6v9T

$S9591

TP'9T6T ~_
vceeet
LS¥C6T —
0b"'0E6T —
£L0°LE6T —
T16'CH6T ~—
TTSP6T
SO'TS6T "

81°085¢

mw.mwmm/
wﬁ.wwmm/
mm.wmmm%
£5'065C —

€6'265C \u
86'v65T &

EL6SC
T0°T09¢

f1 (ppm)

1.20

415 410 4.05 4.00
f1 (ppm)

4.20

4.75

0£7289T

6£'989Z

££'8897~"

€169~
20T°E€69T ~.
£00'5697 —
[T ETL69T
¢ 81'669¢~
651022,
68'c0s7/
19'20L2 7

4.80

6.45 6.40 4.90
f1 (ppm)

6.50

6.55

673 671
f1 (ppm)

6.75

6.77

0€°5/8¢
€'006¢
PE'106¢
b'S06¢
££°/06¢
¥1°606¢
€S'E€T6C - —=
01°ST6C I
90°T¢6¢
86'9v6C -, -
[4a 314 /

7.2

7.4

f1 (ppm)

=579

Hee
=00'T

=7S'T
ST
Wiy

f1 (ppm)

15 14 13 12 11 10

16



R EREEE 38 8 R2ILERSINALTERRSIR T I ras ~g g one
1/ I O 2 N e e VN
3 @8 ¥ N 9 % o8y
aw : ]
\ \ \ \ bR [ L
117 116 115 14 X ,_W_A‘A‘k,\,,
f1opm) ] TN T
|
! T T T T T T T T T T
AN 620 618 616 614 612 165 164 163 162 16.1
b Y s RE L AT 1424 1422] 1420 1418 1 (ppm) 71 (ppm)
S HAunbhYTvoondan 1 (ppm) - o «
S EEEEEEEEED 5 38 3
8 SFEIZEZZEEET 3 58 S
g 23 2
T T T T T T 1 %,.‘9. 9
124 122 120 U8 116 114 W
pm
¥ak L4
oss S
823 88388
\/ T T T T T T T T
| 64.9 64.7 1635 1630 1625 1620 16.1
f1 (ppm) f1 (ppm)
. . . W
130 129 128 (i
5 fiepm) R 88
3 g ae
g @ T T T
| | 134.6 134.2 133.8
T ! f1 (ppm)
T T T T
158 157 156 15
f1 (ppm) ﬂ ) | |

L I ™ i

210 200 190 180 170 160 150 140 130 120 110 100 _ 90
f1 (ppm)

HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1757 formula(e) evaluated with 1 results-within limits (up to 20 best isotopic matches for each mass)
Elements Used:

C:5-100  H:0-100 N:0-30 0:0-30 F:1-3 P:1-1

SYNAPT G2-S#UEB205 MS304 1.5-17 06-Feb-2015

Y-JL 15020609 21 (0.100) 1: TOF MS ES+
2.59e+006

388.13
1004732512 332""339.{13 34812 35712 360.10368.16.370.14 5411 38412 "7V " 39014 402.15 404.10 41011 i
L R I 2 R A ) LR T PR R ) AR P T L ) R A ) R L Y R ) LI 750 90 LI 5 LI O LB 2 o L LU ] [P R
330.0 340.0 350.0 360.0 370.0 380.0 390.0 400.0 4100

Minimum: =355

Maximums: 5.0 1.0 50.0

Mass Calc. Mass mDa PPM DBE 1-FIT Norm Conf (%) Formula

388.1239 388.1289 0.0 0.0 1:5 897.4 n/a n/a Cl8 H22 N O3 F3 P
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diethyl (1,1-difluoro-2-((2-fluorophenyl)amino)-2-phenylethyl)
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13C NMR
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HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

499 formula(e) evaluated with 2 results within limits (up to 20 closest results for each mass)
Elements Used:

C:1-150 H:1-200 N:0-50 0O:0-50 F:3-3 P:1-1

SYNAPT G2-S#UEB205 MS326 f7-12 09-Mar-2015
Y-JP15030910 3 (0.141) Cm (3:4) 1: TOF MS ES+
4.04e+006
1Q 362.11 381.30 3881339013 400.68 428.08
ga 360.10 ©368.12  374.11 % 384.15 | O i 404.10 410.11 _415.21 422.09426.08 """ 437.19 miz
O L 0 N VL . 7 S T 0 ) T3 0 N B L S A7 T ]
360.0 370.0 380.0 390.0 400.0 410.0 420.0 430.0 440.0
Minimum: -1.5
Maximum: 1.0 1.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
388.1291 388.1289 0.2 0.5 1.5 1865.0 0.000 100.00 C18 H22 N O3 F3 P
388.1294 =0.3 -0.8 0.5 1882.0 17.018 0.00 C3 H18 N13 04 F3 P
SYNAPT G2-S#UEB205 MS326 7-12 09-Mar-2015
Y-JP15030910 3 (0.141) Cm (3:4) 1: TOF MS ES+
1005 388.13 4.04¢6
389.13
277.08
2014 410.11
NIEEZTEI N 31"(08‘ Mo 427,09 5452160066 666:20720.19 7971;2381:?.20 927.19943.16_1050.57 ’:50'65| 120187 |‘42°’|85 145858
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400




IV.Additional information

Note: Due to the fact that some cases of 14 were contaminated by 17 the crude
reaction mixture contained traces of diethyl (1,1-difluoro-2-hydroxy-2-
phenylethyl)phosphonate 18 (scheme 1). Diagnostic signals for 18: dg: -125.46 (ddd,
2Jer = 304.9 Hz, 2Jep = 105.5 Hz, 3Jgy = 20.3 Hz, 1F), -115.18 (ddd, 2Jgr = 304.9 Hz,
2Jep = 100.1 Hz, 3Jry = 6.3 Hz, 1F); dp: 6.82 (dd, 2Jpe = 105.5 Hz, “Jpr = 100.1 Hz,
1P); Ry= 0.1. The separation of a,a-difluoromethylene-B-aminophosphonates 15 from
18 has been relatively easy to handle due to 0.35 difference in R; (hexane:ethyl
acetate 7:3).

difluoro-2-hydroxy-2-phenylethyl)phosphonate 18

O E/OEt NZE;Hgiﬁ_"" QH E/OEt
©)J§< “OEt CF,COOH, W “OEt
F F 6 equiv. F F
17 EtOH 18
Re= 0.1
Hex:EtOAc
7:3

Scheme 1 Reduction of B-ketophosphonate 17 with the use of NaBH;CN reagent



V. Tables

Table 1 %*p, *c, 'H NMR & for major (Z/E)-form of

B-enaminophosphonates 12a-j.

R1\NH 9 |
S P(OEt), P(OEt),
H
(212
5[ppm] 12a 12b 12¢ 12d 12e 12f 129 12h 12i 12j
P (s)J[Hz] 25.87 25.89 25.09 25.26 24.96 24.87 24.98 23.58 23.64 22.87
Cuz) ©®) 75.2 75.1 77.8 77.4 77.8 78.5 79.1 84.4 84.0 84.0
Yep[Hz]  189.8 189.7 188.5 189.1 188.5 188.5 188.1 187.3 187.5 187.5
Caey (9 75.4 75.5 76.7 76.8 77.1 77.5 78.7 - - -
ep[Hz] 2183 218.4 217.4 217.6 217.4 217.3 217.7
Ca ) 167.0 167.0 166.6 166.7 166.7 166.5 166.4 160.7 159.3 161.0
Jep[HZ] 7.0 71 6.8 6.8 6.8 6.7 6.8 55 5.0 5.8
Ceey (9 160.7 160.7 160.3 137.4 138.1 137.3 136.0 137.1
YepHz]  17.7 17.6 17.5 _ _ 20.0 20.1 19.4 19.1 19.6
Cisoy (8) 138.1 138.0 137.6 137.7 137.6 160.2 - - - -
%Jep[HZ] 201 20.1 20.0 19.9 20.1 17.5
Ho ©®) 3.67 3.75 3.80 3.91 3.83 3.93 3.81 4.30 4.41 4.28
ZJwp[Hz] 133 13.3 13.1 13.0 13.0 13.0 13.1 12.3 12.1 12.2
He ©®) 4.10 418 4.16 433 4.30 4.26 4.66
Jp[HZ) 9.4 9.4 9.1 9.2 9.0 9.4 _ _ 8.9 _

R a = CH3(CHy)s, b = CH3(CHy);, ¢ = 4-MeOCgH4CHj, d = 2-MeCgH4CHa,e = Bn, f = 4-FCgH4CHa, g = (S)-Ph(CH3)CH, h = Ph, i = 4-FCgH,, j = 2-
FCeH4



Table 2 *'P NMR of compounds 12-(Z:E) and 13-(E:Z)

P NMR for **P NMR for
; . major minor
Entry Compound R! 12 enamine (_Z'Ea) / 12 (Z)-enamine / 12 (E)-
13 imine (E:2) A -
13 (E)-imine enamine /
13 (Z2)-imine
1 12-13a CH3(CHo)s 92(85:15) / 8(85:15) 25.87/22.40 24.74 ] 24.24
2 12-13b CH3(CHy)7 93(87:13) / 7(80:20) 25.89/22.41 24.82/24.26
3 12-13c 4-MeOC¢H4CH, 91(83:17) / 9(81:19) 25.09/22.16 24.30/24.07
4 12-13d 2-MeCgH4CH; 91(84:16) / 9(77:23) 25.26/22.27 24.25/24.14
5 12-13e Bn 91(84:16) / 9(95:5) 25.10/22.14 24.05/23.72
6 12-13f 4-FCgH4CH; 90(86:14) / 10(95:5) 24.87/22.00 23.88/24.27
7 12-13¢g (S)-Ph(CHg)CH 92(90:10) / 8(70:30) 24.98/22.14 23.88/23.97
8 12-13h Ph 67 /33(91:9) 23.58/21.43 -123.37
9 12-13i 4-FCgH4 63(99:1) / 37(92:8) 23.64/21.32 24.87 1 23.23
10 12-13j 2-FCgH4 61/ 39(80:20) 23.03/20.92 -123.74

2 Ratio has been assigned on the basis of 7 *'P NMR in CDCl; after column chromatography.

Table 3 'H NMR data for minor (E/Z)-forms of B-iminophosphonates
13a-

R1..
o)
N I

B «_P(OEt),
H H

Ry: a= CH3(CH,)s, b= CH3(CH,)7, = 4-OMeCeH4CH,, 0= 2-Me CeHaCH,, €= Bn, f= 4-F CgHaCHy, g= (S)-Ph(CH3)CH, h=
Ph, i= 4-F C¢H,, j= 2-F CoHs

& [ppm] 2.6a 2.6b 2.6¢ 2.6d 2.6e

He (d) 3.38 3.41 3.40 353 3.53
23up [H2] 23.4 23.4 23.4 23.4 23.4

Heg (d) 3.15 3.23 3.21 3.37 3.35
2Jup [HZ] 215 21.9 22.0 22.1 22.1

& [ppm] 2.6f 2.69 2.6h 2.6i 2.6j

H (d) 350 322 3.32 3.30 3.33
® 23up [HZ] 23.4 358 23.3 23.3 23.4
u (d) 3.32 3.20 3.39 3.37 3.26
@ %Jwe [HZ] 22.1 22.1 22,5 22,5 22.9

2 signal derived from non chemically equivalent protons (diastereotopic) observed as two pair of doublets with the same coupling constance



Table 4 3*p, Bc, M NMR data for a,a-difluoromethylene-g-

iminophosphonates 14

14a 14b 14c 14d 14d 14e 14f 14g™ 14h 14i 14
& [ppm]
P (® 5.82 5.85 5.75 5.63 5.60 5.64 5.73 5.29 5.31 4.83
2Jpe [HZ] 101.7 101.6 100.8 100.5 100.7 100.6 101.6 100.3 100.5 100.2
Fel (d) -107.31 -107.31 -107.7 -107.2 -107.17 -107.40 -107.9 -107.10 -107.24 -107.44
2Jrp [H2] 101.7 101.7 100.7 100.5 100.6 100.6 101.6 100.4 100.5 100.2
Ca (td) 116.4 116.4 116.5 114.8 116.5 116.4 116.3 114.9 116.5 116.2
YJer [HZ] 265.2 265.4 265.4 265.7 265.7 265.8 265.5 267.0 267.1 267.2
YJer [HZ] 212.6 2125 212.4 213.2 212.8 212.8 212.4 212.2 212.2 211.3
Cp (td) 162.8 162.8 163.7 162.2 164.1 164.3 161.7 160.7 162.8 165.7"
2Jer [HZ] 26.0 26.0 26.6 26.8 24.8 26.6 26.4 26.2 26.1 26.1
2Jep [H2] 14.4 145 14.7 14.4 12.6 14.5 14.2 14.3 13.4 20.9
135

Ry: @ = CHg(CHy)s, b = CHs(CHz)7, € = 4-MeOCgHACH,, d = 2-MeCgH4CHy, € = Bn, f = 4-FCeHsCHz, g = (S)-Ph(CH3)CH, h = Ph, | = 4-FCgHa, | = 2-FCgHa,

[a] “F{1H} NMR. [b] Spectrum made in CD;CN. [c] Signal appeared as (ddd).



Table 5 Spectroscopic data of a,a-difluoromethylene-g-

aminophosphonates 15

R‘l
2,
H. NH T
A P(OEt),
F, Fy
15
3 [ppm] 15a 15b 15¢ 15d 15e
P (dd) 7.41 7.31 7.04 7.05 7.10
23pe [HZ] 102.5 104.5 105.7 106.6 103.8
101.1 102.7 102.0 102.4
Fa (dd) -109.35 -111.16 -110.99 -110.98 -111.06
23ep [HZ] 300.0 300.9 303.2 303.4 303.3
100.8 102.5 101.9 102.4 100.9
Fo (dd) -123.57 -121.56 -121.38 -121.33 -121.48
2Jrp [H2] 300.1 300.4 302.7 303.4 302.6
102.9 Hz 101.6 105.8 106.7 105.7
Hg (m) 4.26-3.96° 4.26-3.98° 4.24-3.92° 4.23-3.92° 4.34-4.12°
Ca (ddd) 119.4 118.4 119.4 119.3 119.3
Her[Hz) 269.3 268.9 268.5 268.6 268.3
e [H2] 263.0 265.9 265.5 265.8 265.5
Yep [H2] 210.0 210.2 210.3 211.1 210.7
Cs (ddd) 64.3-63.6° 63.6 63.5 64.1 63.7
2Jer [HZ] 24.3 23.6 23.6 23.6
2Jep [HZ] 19.4 19.5 19.4 19.5
15.4 15.4 15.3 15.4
5[ppm] 15f 1597 15h 15i 15]
P (dd) 6.83 7.05 6.57 6.65 6.44
23pe [HZ] 105.3 103.5 105.1 104.6 103.5
102.4 102.0 102.2 101.7 101.1
Fa (dd) -111.21 -109.60 -110.30 -110.48 -111.19
2Jrp [H2] 303.8 300.5 304.1 304.1 305.1
101.8 101.8 102.0 101.6 103.4
Fo (dd) -121.27 -121.71 -120.27 -120.33 -120.94
2Jre[H2Z] 304.4 300.5 304.1 304.0 305.1
104.1 103.7 105.2 104.3 101.3
Hp (ddd) 4.21-3.93° 4.26-3.98° 4.92 483 498
*Jue [H2] 20.5 20.7 20.5
*Jue [HZ] 8.4 8.2 8.0
33up [H2] 5.9 5.8 5.2
Ca (ddd) 119.3 119.9 1185 118.4 122.3-113.8°
Her[Hz) 268.1 269.6 268.2 268.4
e [HZ] 265.9 265.6 266.6 266.5
Yep [H2] 210.7 210.3 209.8 209.2
Cs (ddd) 63.6 62.0 60.6 61.5 60.1
2Jce [HZ] 235 23.7 24.9 24.7 25.4
23cr [HZ] 19.6 19.3 21.1 21.1 21.0
“Jep [HZ) 15.5 15.2 14.7 14.8 14.9

RY: @ = CHg(CHy)s, b = CHg(CHz)7, C = 4-MeOCgHaCHy, d = 2-MeCgHaCHy, € = Bn, f = 4-FCsH4CHy, g = (S)-Ph(CH3)CH, h = Ph, i = 4-FCgHa, | =
2-FCgH.,

2 diastereomeric ratio of isolated product 15 g (dr = 91:1) based on NMR.Signals of major compound.® signal observed as multiplet



