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Ethyl 2-(diphenoxyphosphoryl)methylacrylate (4c)

'H NMR (300 MHz, CDCl5):
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13C NMR (75 MHz, CDCls)
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3'P NMR (121 MHz, CDCls):

Feb23-2016
223.5/p55190/r7ayadi/make1/cdd3
a_31Pcpd CD3 {E:\Spedres} KT-BSH 5
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HRMS (ESI+):

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -10.0, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FiT =3

Monoisotopic Mass, Even Electron lons

938 formula(e) evaluated with 1 results within limits {up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-100 N 0-20 0:0-20 P:11

SYNAPT G2-3#UEB205 MAKES1 17-May-2016
Y-JOM 16051703 3 (0.141) Cm (34} 1. TOF MS ES+
6.73e+007

10D3 25306 5750, 283.05 20108 336,05 347,10 395,11

305.05 360.09 38608 413.12
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480

260 270 280 290

Minimum: -10.0

Maximum: 1.0 1.0 50.0

Mass Calc. Mass mDa PEM DEE 1-FIT Norm Conf (%) Formula
347.1049 347.1048 0.1 0.3 9.5 3197.6 n/a n/a <18 Hao 0% P

Diethyl (6-hydroxycyclohex-1-en-1-yl)methyl phosphonate (5)

OH

S5
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'H NMR (300 MHz, CDCls)
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13C NMR (75 MHz, CDCls)
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3'P NMR (121 MHz, CDCls):

Feb17-2015
217.16/p47613/r7ayadi/mak13/cdcl3
a_31Pcpd CDU3 {C:\Spectres} kt-BSH 16
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HRMS (ESI+):

Single Mass Analysis

Tolerance = 1.0PPM / DBE: min = -10.0, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electran lons

892 formula(e) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-100 N:0-20 Q:0-20 P:4-1 Na 0-1

SYNAPT G2-S#UEB205 MAKES 17-May-2016
Y-JOM16051705 3 (0.141) Cm {3:4) 1: TOF MS ES+
1.00e+007
231142
‘Q@% 14600 15006 17805  q4gqg7 20308 5,544 23607 55114 25708 27141 pppan 29515 554, 3 1
T [T I T T T T T TP P [T T T T e e [ P e T e T [ e e e e s e iz
150 160 170 180 190 200 M0 220 230 240 250 260 270 280 290 300 310 320
Minimum: -l0.0
Maximum: 1.0 1.0 50.0
Maszs Calc. Mass wDa PEM DBE i1-FIT Horm Conf (%) Formula
271.1075 271.1079% 0.0 0.0 1.5 2958.9 0.445 64.08 €11 H21 04 D Na
2791 .1072 0.3 1.1 5.5 2958.5 1.024 35.92 3 Hle N6 02 P

Diethyl ((6-(phenylsulfonamido)cyclohex-1-en-1-yl)methyl)phosphonate (6a)

\ 7/
“NH
i
P\
/
o OK
6a )
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'H NMR (300 MHz, CDCls)
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13C NMR (75 MHz, CDCls)
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3'P NMR (121 MHz, CDCls):

Oct06-2015
0Oct06.5/p52598/r7manai/ams1/cdcl3
a_31Pcpd CDCI3 {C:\Spectres} kt-BSH 5
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HRMS (ESI+):

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min=-100 max =500
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1022 formulade) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-100 N:0-20 0.020 S:1-1 P:141

SYMAFPT G2-S#UEB205 MAKTA 17-May-2016
Y-JOM16051709 3 (0.141) Cm (3) 1: TOF MS ES+
1.04e+006

3688.13 41012
181 357.0135031 %7412 grgep | - 3991240711 TE 41510 42600 4p9 09 4420544905 ag122 47200 483.08 s
‘ 135931 77

-1 A RN 20 ES D Nt e o1 22 47209 BRER

1
350 360 370 350 390 400 410 420 430 440 450 460 470 480

Minirmam: -10.0

Mazimum: L.0 1.0 50.0

Mass Calc, Mass mDa PFM DBE i-FIT Norm Conf (%) Formula
3188.134¢ 388.1348 -0.2 -0.5 5.5 1723.5 nfa n/a C17T H27 N 0% S P

Diethyl ((6-(4-methylphenylsulfonamido)cyclohex-1-en-1-yl)methyl)phosphonate (6b)

0 O
Y
“NH
0]
/
/>0
(0] K
o/
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'H NMR (300 MHz, CDCls)
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31p NMR (121 MHz, CDCl;):
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IR (FT-IR):

100 -

80

60

40 -

transmittance

20 —

0 4

3126 2947

1333
1029

1237

4000

HRMS (ESI+):

Elemental Composition Report

Single Mass Analysis

3500

1 1
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MAK72

Page 1

Tolerance = 1.0 PPM / DBE: min =-10.0, max = 50.0

Element prediction: Off

Number of isotope peaks used for -FIT = 3

Monoisctopic Mass, Even Electron lons

1123 formulafe) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:;

C: 0100 H:0-100
SYNAPT G2-S#UEB205
Y-JOM16051708 3 (0.141) Cm (3}

N:0-20 ©: 020 &:1-1

P: 11
MAK72 17-May-2016
1: TOF MS ES+

9.32e+005

402.15
1“@2 35507 36427  377.7038569388.43 | 421.12424.13 440.11 456,07 4721147624 48640 5010750410
TR Tt R R b e e e i it 0010 801.07.504.
350 360 870 380 390 400 410 420 430 440 450 460 470 = 480 = 490 = 500 510
Mindmuam: -10.0
Maximum: 1.0 1.0 50.0
Macs Cale. Masa mDa PPM DBE i-FTT Norm Conf{%) Formula
402.1501 402 .,1504 -0.3 -0.7 5.5 1676.5 n/fa n/a Ci8 HZ% N 05 8§ P

S16



Diethyl ((6-(4-bromophenylsulfonamido)cyclohex-1-en-1-yl)methyl)phosphonate (6¢)

Br

'H RMN (300 MHz, CDCl;) :
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13C NMR (75 MHz, CDCls)
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3'P NMR (121 MHz, CDCls):

Oct06-2015
0Oct06.6/p52600/r7manai/ams2/cdcl3
a_31Pcpd CDCI3 {C:\Spectres} kt-BSH 6

28.94
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IR (FT-IR):
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HRMS (ESI+):
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 1.0 PPM / DBE: min=-10.0, max = 50.0
Element prediction: Off
Number of isotope peaks used for +-FIT = 3
Monoisotopic Mass, Even Electron lons
982 formula(e) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-100 H:0-100 N:0-20 0:0-20 S:1-1 Br:1-1 P.1-1
SYNAPT G2-S#UEB205 MAKT4 17-May-2016
Y-JOM1BD51707 3 (0.141) Cm (3) 1: TOF MS ES+
1.30e+006
1 468 .04 541.13 607.30
ta‘g% 3]8833‘4(‘)2 1|5 I41t'|>21I 129I12| ‘ r45|203 il 480.03 50800 51996,523 96 562.99 566.96 59?19‘ iz
LSBT ) A R Al U ARARY RN RAL SR LAl Rkl A AR AL LALLM L T LAl KA LA LA LR KA LR LA L [T
380 390 400 410 420 430 440 450 460 470 480 42'!0 "800 510 520 530 540 550 560 570 580 590 600
Minimum: -10.0
Maximum: 1.9 1.0 50.0
Mass Cale., Masas mDa PPM DRE i-FIT Norm Conf (%) Formula
466.0455 466 0453 0.2 0.4 5.5 1810.1 0.000 100.00 C17 H26 N O5 8 Br P
166 .0458 -0.2  -0.6& ~1.5 1829.0 18.913 0.00 C2 H2Z N13 06 S Br P

S20



Diethyl((6-(N,4-dimethylphenylsulfonamido)cyclohex-1-en-1-yl)methyl)phosphonate (6d)

o\\ Y
S\N/
/;
/P\o
(0] K
6d )

1

H NMR (300 MHz, CDCl;):
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*C NMR (75 MHz, CDCls):
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IR (FT-IR):
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HRMS (ESI+):

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -10.0, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1220 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-100 N:0-20 0O:0-20 S 11 P 1A

SYNAPT G2-SH#UEBZ05 MAK72 17-May-2016

Y-JOMIGOE1702 3 (0.141) Cm (3) t: TOF M5 ES+
9.99¢+005

416.17

438.15
1%%31305 32318 34262 36511 304.35 408 33 #9412 47000 asyos 20012 83190 ga5 90 56132 57021 gog 20,

|H’H|l||r||\||||1|l‘\||l||||||!||||r|r|'|||\l‘nl |l\|||||||‘H|||||r||h|r|'||[l T T T T T T T T T TR TP T LARES AR R LA

300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 EOCI

fz

Minimum: -10.0

Maximum: 1.0 1.0 50.0

Mass Calc. Mass mDa PIM DBE i-FIT Norm Conf (%) Formula
416.1661 416 .1661 o.0 0.0 5.5 173h.6 nfa n/a C1% H31 N o5 & P

S23



2-((Diethoxyphosphoryl)methyl)cyclohex-2-en-1-yl acetate (7)

'H NMR (300 MHz, CDCl):
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13C NMR (75 MHz, CDCls)
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3'P NMR (121 MHz, CDCls):

May02-2015

502.5/p50110/r7manai/am5-1/cdcl3
a_31Pcpd CDCI3 {C:\Spectres} kt-BSH 5

27.41

IR (FT-IR):
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HRMS (ESI+):

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM [ DBE: min = -10.0, max = 50.0
Element prediction: Off

Numker of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1317 formula(e) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-100 MN:0-20 0:0-20 P:1-1 Na 01

SYNAPT G2-S#UEBZ05 MAKBY 17-May-2016
Y-JOM16061704 10 (0.438) Gm {10) 1: TOF MS £S5+
5.31e+005
1q 31312 383,15 360.00 41034
=l 29|1,14T 301.08311.10. | 31507 329;-09331.09‘ 34740 S0 365,14 509 383‘05,385,[14 :399'|" AcI:szrl i
iR aa e L R = B A e e s
290 300 310 320 330 340 350 350 370 380 390 400 410
Minimum: -16G.0
Maximum: 1.0 1.0 £50.0
Mass Cale. Mass mDa PPM DBE 1i-FIT Noxm Cont (%) Formula
313.1179 313.1181 -0.2 =04 Z.5 1859.2 0.038 96,31 C1l3 H23 05 P Na
313.1178 0.1 0.3 6.5 1862.4 3.300 3.89 11 H18 N6 03 P

Diethyl (6-(phenylamino)cyclohex-1-en-1-yl)methylphosphonate (8a)

NH
s
P\
o OK
8a >

S27



'H NMR (300 MHz, CDCls)
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13C NMR (75 MHz, CDCls)
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3'P NMR (121 MHz, CDCls):

Oct12-2015
oct12.7/p52800/r7manai/am11/cdcl3
a_31Pcpd CDCI3 {C:\Spectres} kt-BSH 8

28.68
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HRMS (ESI+):

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 mDa / DBE: min=-50.0, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

3713 formula(e) evaluated with 3 results within limits (all resuits (up to 1000) for each mass})
Elements Used:

C:0-100 H: 0100 MN:0-10 0:0-10 S:0-1 P01

SYNAPT G2-S#UEB205 MAK76 19-May-2016
Y-JOM16051903 3 {0.141) Cm (3) 1: TOF MS ES+
8.91e+006
1 313.27 3247
l%g}ze-:!132*3€s14 304, I13 | ‘32216 | 32618 |33-81534017 362.20354,15.360.13  372.16 378.22 388.17 394‘35 miz
R B B e o e L BA S ERaamE L B R
290 295 300 306 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 300 395
MIirlmam: -50.0
Maximum: 1.0 1.0 100.0
Mass Calc. Mass mDa PPM DEE i-FIT Horm Conf (%) Formula
324.1733 324.1729 0.4 1.2 5.5 1704.8 0,000 100.00 C17 HZ27 N O3 P
324.1731 0.2 0.6 -2.5 1716.5% 11.726 0.00 C? HZ2o N5 0%
324.17358 =0.2 -t.6 1.5 1724.6 19.843 0.00 C10 H27 N7 O 8 P

Diethyl (6-((4-nitrophenyl)amino)cyclohex-1-en-1-yl)methylphosphonate (8b)

O,N
NH
P//O
d >0
) -
8b

s31



'H NMR (300 MHz, CDCls)

ke
LT
0E'T
w®©T
vET
¥o'T
S9'T
99'T
89'T
®T
€8T
¥8'T
:
98'T
L8'T
8T

me
[454
PET~L
66

[t 4 N

0T
9T
0L'T
SL'T

00
Wy
€0y
POy
S0y
L0
L0
80y N

0Ty
0Ty
13584
€Ty
(154
STy
STy

16'S~_
65

59
859 W
85'9
09'9
19'9

8CL—

108
208 W
€0'8
¥0'8
s0'8
908

I
&

b

&L

i

S

8T
6'T

0T

o
=

b
=1

(44

8T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

4.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

e
&1
0E'T
[41
vET
+¥9'T
S9'T
99T
89T
[4:81
€8T
8T
S8'T
98T
8T
8T

e
454
PET~
6€°C

(44 N

[Ax4
49T
0LT
ST

00y
w0y
€0y
[{h4
S0t
L0
L0
wowN

[Und
[Ung
11584
(384
184
STy
STy

165~
65—

879
859 W
859
099
T9'9

8TL—

108
208 W
€08
+0'8
508
908

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

4.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

S32



13C NMR (75 MHz, CDCls)
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3'P NMR (121 MHz, CDCls):

Mar03-2016
303.15/p55693/r7ayadi/mak79/cdcl3
a_31Pcpd CDCI3 {E:\Spectres} KT-BSH 15

28.43
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HRMS (ESI+):

Elemental Compasition Repart Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min =-10.0, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Manoisotopic Mass, Even Electron lons

2027 formula(e) evaluated with 2 results within limits {up to 50 best isotopic matches for each mass)
Elements Used:

C:0-100 H:0-100 N:0-20 O:0-20 P:1-1 Na 01

SYNAPT G2-S#UEB205 MAK79 17-May-2016
Y-JOMIG051706 3 (0. 141) Cm (3:4) 1: TOF MS ES+
3.03e+006
1 35514 08978 396.12 437.19
B3 _a2a18 33836 35115500 3881230114 391240741 415,01 426.00 %7719 4az08  453.11 481.22
R R L R S L R B L L B L R e N R s e o s L e s e e a L e e Ty ey n B VL
30 330 340 350 360 370 380 300 400 410 420 430 440 450 460
Mindiemum: -10.0
Maximum: 1.0 1.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
369.1582 369.1579 0.3 7.8 6.5 2564 .2 0,000 100.00 <17 HZ6 N2 05 P
369.1584 ~0.2 -0.5 -0.5% 2586.2 22.879 0.00 C2 H2Z N14 06 P

Diethyl (6-((4-fluorophenyl)amino)cyclohex-1-en-1-yl)methylphosphonate (8c)

F
NH
P//O
d o
P
8c

S35



'"H NMR (300 MHz, CDCls)
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3c NMR (75MHz, CDCls)
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3'P NMR (121 MHz, CDCls):

Mar03-2016
303.16/p55696/r7ayadi/mak81/cdcl3
a_31Pcpd CDCI3 {E:\Spectres} KT-BSH 16

28.28
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HRMS (ESI+):

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 mDa / DBE: min = -50.0, max = 100.0
Element prediction; Off

Number of isotope peaks used for i-FiT = 3

Monoisotopic Mass, Even Electron lons

3933 formula(e) evaluated with 4 results within limits (all results (up to 1000} for each mass)
Elements Used:

C:0-100 H:0-100 N:0-10 0:0-10 P:0-1 F. 0-1

SYNAPT G2.S#UER205 MAKS&1 19-May-2016
Y-JOM16051904 10 (0.437) Cm (10) 1: TOF MS ES+
3.42e+005
1 318.13 328 11 34218 354.15 358.16
Q%i 316.21 : | 323.23.324.17 325.||a : 330 zla 335.10 33815 | 34317  348.18352.15° I35!3,14I ‘1 iz
I_|||\|\1|||r|l||!|\|\||||||||I\llll|l||l|1||ll||||\|\|\||1|||||‘|\||||||||||lll:||||||
315.0 320.0 325.0 330.0 335.0 3400 345.0 350.0 365.0 360.0
Minimum: -50.0
Maximum: 1.0 1.0 1a0.0
Mass Calc, Mass mDa EPM DBEE 1-FIT Norm Conf (%) Formula
342.1636  342.18634 0.z 0.6 5.5 16258.2 0.0G0 100.00 €17 H26 H 02 P F
47,1638 -0.2  -0.% 6.5 1638.7 10.507 0.00 Cll HZ0 N9 04
342,1641 -0.5  -1.5  ~3.5  164D.4 12,199 0,00 C8& H29 N3 09 P
3421636 0.0 n.0 -2.5 1841.7 13.502 .00 C7 H25 NS 08 F

Diethyl (6-(naphthalen-2-ylamino)cyclohex-1-en-1-yl)methylphosphonate (8d)

NH

8d

S39



'H NMR (300 MHz, CDCls)
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3c NMR (75MHz, CDCls)
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3'P NMR (121 MHz, CDCls):

Mar04-2016
304.16/p55747/r7ayadi/mak80/cdcl3
a_31Pcpd CDCI3 {E:\Spectres} KT-BSH 16

28.61

T T T T T T T T
240 220 200 180 160 140 120 100 80

60 40
f1 (ppm)

IR (FT-IR):

T
-100

T T
-120  -140

@
[
K%
Z 40+ 1029
>_ -
20 - 1542
] 1415
o
T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000
cm-1
MAKS8O

S42

1
500

T
-160



HRMS (ESI+):

Elemental Composition Report Page 1

Single Mass Analysis

Teolerance = 1.0 PPM / DBE: min=-10.0, max = 50.0
Element prediction; Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

2469 formula(e) evaluated with 1 results within limits {up to 50 best isotopic matches for each mass)
Elements Used:

G 0-100 H:0-100 N:(-20 ©:0-20 P:0-1

SYNAPT G2-S#UEB205 MAKSD 17-May-2016
Y-JOM16051701 3 (0.141) Cm () 1; TOF M3 ES+
3.26e+006
109 342.16 374.19 388.17 440.18 447.35
qgij 10 350,26 36016 31217 | 37649 " 390.18 40416406 1841501 42217 424 18 N gears S
R e o e R T e e T
345 350 355 360 385 370 3?5 380 385 390 395 400 405 410 415 420 425 430 435 440 445 450
Minimum: -10.0
Maximum: 1.0 1.9 50.¢
Mass Cale. Mase mDa PEM DEE i-FIT MNorm Conf (%) Formula
374.1883 374 .1885 -0.2 ~-0.5 8.5 2108.2 n/fa n/a C21 H29 N 03 P

s43



