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S1: 31P, 'H and 3C NMR spectra of tetraethyl methylenebis(phosphonate) (1)

3' 2 .
\| |/ tetraethyl methylenebis(phosphonate)
O O
o.n 1.0 CgH2206P;
o~ \1/ ~0 288,22 g/mol
) ) K Colorless oil
3
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S2: 3P, IH and 3C NMR spectra of tetraethyl propane-2,2-diylbis(phosphonate) (3a)

3 2 -
\| l/ tetraethyl propane-2,2-diylbis(phosphonate)
o\(.). (.)./O C11H2606P2
PP
o ~0 316,27 g/mol
)2 4 4 k Colorless oil
3
BR001.511.fid a
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31P{1H} CDCI3 /opt/topspin3.5pl7 am2n1 26
T T T T T T
40 35 30 25 20 15
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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
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$3: 31P, 'H and 3C NMR Spectra of tetraethyl pentane-3,3-diylbis(phosphonate) (3b)

3'\|2' |/ tetraethyl pentane-3,3-diylbis(phosphonate)
o9 (,,)/O C13H3006P>
o/4P d F;jo 344,32 g/mol
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S4: 31P, and H, 3C NMR spectra and mass analysis of tetraethyl (2-methoxyethane-1,1-
diyl)bis(phosphonate) (4)

3'\|2' |/ tetraethyl (2-methoxyethane-1,1-diyl)bis(phosphonate)
0\9 9,0 C11H2607P;
1
o/P\[P\o 332,27 g/mol
)2 4o K Colorless oil
: I
5
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SYNAPT G2-S#UEB205 AR 07-Mar-2017
Y-JP17030703 4 (0.175) Cm (4-T:8) 1: TOF M5 ES+
33312 1 .54a7
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Elemental Composition Report Page 1

Single Mass Analysis

Talarance =1.0mDa ¢ DBE:min =-1.5, max = 50.0
BHamant pradiction: Off

Mumbar of isotopa paaks used for i-FIT=3

Monoasotope: Masa, Even Electron lons
1088 formulale ) evaluated with 2 resulis wathan kmets {up fo 50 best isotopsc match es for each maas)

Elements Liaed:
C:0-100 H:0-100 M:0-20 O:0-20 P:1-2
SYMAPT G2-SHUEE205 AR 7 8ar2017
VAP TOIOTOI £ {0.175) Crn (4-T:8} 1: TOF MS ES+
1 5424007
1 245.03 250.18 a0 30011 305.09 a2 388,19
231402 - -1 259.05 L2TT0E aR7.08 - 31713 2.19 etz

Minimam: -1.5
Maximum: 1.0 1.0 S0.0
Mass Calc. Mass mbDa PPHM DHE i-FIT Horm Zonf (&) Formula

-0.5 1436.9 D.D14 9B SE  ClL HZT OT P2
9.5 1441.2 4,257 1.42 <14 HIB NG Oz P

333.1232 3331232 o.o
333.1229 0.3

oo
oo
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S5: 31p, H, and 13C NMR spectra and mass analysis of tetraethyl ethene-1,1-diylbis(phosphonate) (5)

'\| ' |/ tetraethyl ethene-1,1-diylbis(phosphonate)
0\9 1 9/0 C1oH2206P>
O/PW P<o 300,23 g/mol

/ 2 4 K Colorless oil

3

AR070'

—13.06

2105.78

L

T T T T T
140 135 13.0 125 120
f1 (ppm)

150 140 130 120 110 100 90 0 70
f1 (ppm)
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SYNAPT G2-S#UEB205 ARO70 07-Mar-2017
Y-JP17030701 4 (0.175) Cm (3:4-9:11) 1: TOF MS ES+
_ 301.10 3.86e7
100
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=
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Elemental Composition Re port Page 1

Single Mass Analysis

Toblaranca =1.0mDba / DBE:min =-1.5 max = 50.0
BHamanl pradiction: Off

Mumbear of isotope paaks used for i-FIT=3

Monoasotope: Mass, Even Electron lons
820 formulale) evaluated with 2 resulis within emits (up io 50 best isotopec matches for each mass)

Elements Lised:
C:0-100 H:0-100 MN:0-20 O:0-20 P:1-2
SYMAPT G2-SMUEB20S5 ARDTO O7 Sdar-2017
YJPATA30T0T 4 {0175 Cm {34-211) 1: TOF M3 ES+
3 ABa4Q07
1 730 3 A0 33111 33308 1.0
2681 07 28304 507 237.08.283.10 29108 310 31208 31713 319.11 32808 . e
2800 27010 28010 2900 300.0 310.0 3200 3300 3400
Minimam: -1.5
Mai mam: 1.0 1.0 50.0
Mass Calec. Mass mba EPM DEE i-FIT Horm Conf {8 Formula
I0l. D969 InL. 0970 -0.1 -0.3 0.5 2207.2 D.0DD 1OD.DD ClO HE3 a6 P2

3DL.D9ET 0.z 0.7 0.5 ZZIEB.D 1D.BZE D.DD C13% H14 NE O P
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S6: 31P, H, and 13C NMR spectra and mass analysis of tetraethyl ethane-1,1-diylbis(phosphonate) (2a)

3'\|2' |/ tetraethyl ethane-1,1-diylbis(phosphonate)
o 9

Oo.ii 0 C10H2406P>

|
1
o P\( PSo 302,24 g/mol
) 2 4 K Colorless ail
3

AR082

24.01

3889.85

L

T T T
24.4 24.0 23.6
f1 (ppm)

240 220 200 180 160 140 120 100 80 60 40
f1 (ppm)
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SYNAPT G2-S#UEB205 ARO082 07-Mar-2017
YJP1T030702 4 (0.175) Cm (3:4-9:11) 1: TOF MS ES+
- 331 3917
100
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Elemental Composition Report Page 1

Single Mass Analysis

Talaranca =1.0mDa ¢ DBE: min =-1.5, max = 50.0
Hamant pradiction: Off

Mumbear of isotope peaks used for i-FIT=3

Monoasotope: Mass, Even Electron lons
B30 formulafe) evaluated with 2 results within kmits {up o 50 beat motopec matches for each mass)

Elements Lged:

C:0-100 H:0-100 M:0-20 O:0-20 P:1-2

SYMAPT G-S58UBE205 AROE2 07 Mar2017

Y-JP 17030702 4 {0.175) Cm (38-211) 1: TOF M5 ES+
3 82407

303N
1y 149 219, 231103 247 105 268107 275,08 28310 I 5531713 3a5.09 ST 345133812
mis
210 2 230 240 230 280 27 280 290 30 310 20 33 340 35

Mimimam: -1.5

Mz i mam : 1.0 1.0 So.0

Mass Calc. Mass mba EEM DEE i-FIT Harm Conf {%) Formula

-0.5 1995 2 D.0DD 99,97 LD HZS Q6 P2
9.5 Z003.4 B.Z3E D.D3 <13 H1E NG O P

Dz 1127 3031126
3AD3.1123

oo
b=
=0
Lad Lt

Page S20

ARKIVOC 2020, vi, S1-S73

©AUTHOR(S)



General Papers ARKIVOC 2020, vi, $1-S73

S7: 3P, 1H, and 3C NMR spectra and mass analysis of tetraethyl (9-bromononane-1,1-diyl)bis(phosphonate)
(2c)

EtO\ _OEt tetraethyl(9-bromononane-1,1-diyl)bis(phosphonate)
O=R 5 7 9 1 C17H3706BrP,
1
o= ¥ ¥ v W Br 479,33 g/mol
5O OT\ Colorless oil
3 3
AR039 - 2 N

L

T T T T T T T T
248 246 24.4 242 240 23.8 236 23.4
f1 (ppm)

240 220 200 180 160 140 120 100 80 20 0 -20 -40 -60 -80 -100 -130

60 40
f1 (ppm)
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SYMAPT G2-S#UEB205 ARD1A{1) 11-May-2016
Y-JLP-1605 1101 4 {0.175) Cm {4} 1: TOF WS ES+
. EIRE] 7.86eT
-
) L 13
495,15 17
a5t dof [S01.1 ge3ia i HLAT
15898 223.11 367 01 : . o1 24
! a6 07 P f N i 834,19 410321 11198
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100 200 X0 20 500 800 00 10 %0 1000 1104 1200 1300 1400
SYMAPT G2-S#UEB205 ARD18{1) 11-May-2016|
YAJLP-1615 1101 4 {0.175) Cm{d) 1: TOF M5 ES+
i 4a1.13 7 8667
T
) 82,13
4315
251 4037310 bk Tgiﬁ 503,11 51708
. A7a.0 soi. 1 - 514 0 52950
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Elemental Composition Report Page 1

Single Mass Analysis

Toberance =2 0FFM [ DBE min=-500, max = 1000
Bement predicson: Of

humber of iolope peals used for-FIT =3

Blomaeaaps Mas=s, Even Elecran lans

2560 formulafe |} evalusted with 2 results within limits @l esuts {up o 1000} for each mass)
Elements Used:

C: 100 H: 3150 M: 310 Oxd-10 P12 B i1

EYMAPT GRESUEES ARDIS{] Ny 2016
Y-JLF- 18051 101 4 10.175] Cm (4] 1: TOF ME E5+
T BEa007

4791348113
! 440 0451.10453.1045 14 47 4 ISS4S5.15 S01NAIRTY  SI7ese0n o SR sy g 02

440 445 450 455 450 455 470 4TS 480 485 490 495 SO0 SO05 5100 H15 a0 5% 5300 535 M0

B dmoum -50.0

By Amum: 1.1 2.0 ma.a

bBhss Cals. Mass mbDa P CBE i-FIT Horm Conf(h) Formula

475.1328 478.1327 0.1 0.z -0.5 1853.5 0.000 100.00 C17 H3A 08 F2 Be
478.1324 0.4 0.8 8.5 l1eR9.5 15.850 0.00 C20 H29 Me & P Br
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S8: 31p, 1H, and 3C NMR spectra and mass analysis of tetraethyl nonane-1,1-diylbis(phosphonate) (2d)

Et_Q JOEt tetraethyl nonane-1,1-diylbis(phosphonate)
O_l?>\/5\/7\/9\/11 C17H3806P2
O:F\ 4 6 8 10 400,43 g/mol
0 Colorless oil
70 07\
3

AR054 - 1

23.96

3882.59

o

-7

24.1 23.9
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
240 220 200 180 160 140 120 100 80 60 40
f1 (ppm)
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SYNAPT G2-S#UEB205 AROS4 (1) 13-Fab-2017
v JP1T02 1305 4 (0.175) Cm (2:4) 1: TOF MS ES+
160 201 22 B.5TeT]

=

289 .10
MOz 23
7318
42320
271109
235.07 423.25 /2342
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100- 20122 B.5TeT
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40223
373119
423130
ar4.19 a3z23 42421 43935
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 FPM [ DBE: min=-15, max = 500

Bement predicion: Off

Murmber of molope pedis used for HFIT = 3

Momnasatopic Mass, Even Elacran lans

841 formulzie) evaluated with 1 msults within imits (up o 50 best isctopic matches for each mass)

Blements Usead:

C0-100 H: 0100 MW: 030 O 020 P22

SYMAPT G2ESUEENS BEIE (1] 13Feb2017

VI FATORZ05 4 0,175 Cm {304] 1: TOF ME ES+

BATE00T

1 ATEZ0 ®|TZ aERAT Mz mzz 43918

Eh MM LE L Lo Wi - -1 AN W i W S - N - - T - 0 g
amo =00 300 400 1 4700 4300 00

L dimum: -1.5

s imum: .0 1.0 50.0

Mass Cale. Mags mDa FRM [EE 1=FIT  Meem  Conf (V) Fetmula

a01.221%  401.2222 -0.3  -0.7 -0.5 2057.4 wfa nia C17 H3I9 06 B2
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S9: 31P, 'H and 3C NMR spectra and mass analysis of tetraethyl (2-(p-tolyl)ethane-1,1-diyl)bis(phosphonate)
(2e)

3, o tetraethyl (2-(p-tolyl)ethane-1,1-diyl)bis(phosphonate)
E -
Eig 392,37 g/mol
_P .
EtO 5 6 Yellow oil

AR053 - 3

23.11

3744.38

T T T T T T T
234 233 232 231 230 229 228
f1 (ppm)

240 220 200 180 160 140 120 100 80 60 40
f1 (ppm)
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SYNAPT G2-S#UEB205 ARO053 (3) 13-Feb-2017
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Single Mass Analysis

Tolerance = 3.0PPM [ DBE min=-15, max = 500
Bement prediction: O4f

humiter of isolope peaks used for HFIT = 3

Momaeaops Mass, Even Elecran ons
794 farmulale) evaluated with 2 msults within imits (up o 50 best isoopic maches for each mass)

Elements Usad:

Cro-100 H: 0100 MW 020 0020 P22

EYMAPT G253 ERNNS AR (3] 13Feb 01T

Wl PITOE1303 4 (0,175 Sm 325) 1= TOF MIS EE+
10708

=3
1 ] . ] Fags17 a1 Y22 gmng azae -1.31.r1n2.2
2E00 amo E00 =00 4000 4100 400 4300

B3 1 -1.5

B L ¢ 10.0 i.n 50.0

=11 Cala, Mags mba FRa RE i-FIT MaEm Canf (V) FParmula

333.1558 3893.1586 o.z 0.5 i.5 2237.7 0.002 859.83 17 H31 &6 F2
333.160%8 -1.1 -2.8 B.5 2244.1 £.3%3 0.17 C1H H27? M4 02 F2
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$10: 3'P, 'H and 3C NMR spectra and mass analysis of tetraethyl (1,3-di-p-tolylpropane-2,2-
diyl)bis(phosphonate) (3e)

tetraethyl (1,3-di-p-tolylpropane-2,2-diyl)bis(phosphonate)
C25H3806P2
492,52 g/mol
Yellow oil
AR053 - 2 ‘é'E
2‘5.0 2“1.5 2“1.0
1 (ppm)
2‘40 ‘ 2‘20 ‘ 260 ‘ 1‘80 ‘ 1‘60 ‘ 1‘40 ‘ 1‘20 ‘ 160 ‘ E;O ‘ ‘ ‘0 6 ‘10 ‘ ‘30 ‘ -;30 ‘ ‘70 ‘ .lJO ‘ 1‘20‘

60 40
f1 (ppm)
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SYNAPT G2-S#UEB205 ARO053 (2) 13Feb-2017
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Elemental Composition Report

Single Mass Analysis

Tolerance = 1.0 FPM [ DBE min=-1.5, max = 500

Bement predicion: Off
Mumiser of IEolope peaks used o HFIT =3

Maraeaiops Mass, Even Electran lans

1410 farmulade} evalusted with 2 resulis within limits jup o 50 best isatopic matches far sach mass)

Hements Usad:

C 0100 H: 0100 W20 00020 P22

EYMAFT GZESEENS
YalFITOE130 4 (0.175) Cm (325)

4T1E0 48007 4&21“'15 49147
4700 4800 4900
BaL 1L v
Bax mum ia.0 1.0
Mass Cala. Mass mba Fi
497 .2223 Q87 .2222 0.1 0.z

Q87,2227 -0.4 -0.8

ARDS3(Z)
Famam 5113 51650 535
T 51930 5349 B8 532 20 :
=000 5100 EZ00 5300
-1.5
50.0

CBE i-FIT Horm

0.000 100.00

7.5 1801.1
0.5 11.094 0.0o0

1812.2

Conf (%) Formula

C25 H38 OB F2
10 H35s 12 27 P2
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S11: 3P, IH, and 3C NMR spectra and mass analysis of tetraethyl (1,3-bis(4-(bromomethyl)phenyl)propane-
2,2-diyl)bis(phosphonate) (2f)

tetraethyl (2-(4-(bromomethyl)phenyl)ethane-1,1-diyl)bis(phosphonate)
C1 7H2QOGBFP2

471,26 g/mol

Yellow oil

ARO065 - 3

22.76

— 3687.46

N |

T T T T T T T
23.4 23.0 22.6 222
f1 (ppm)

T
21.8

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 9
f1 (ppm)
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SYMAPT G2-S#UEBZ05 AROZT(3) 11 -May-2016
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General Papers
Elemental Composition Report

Single Mass Analysis

Tolerance = 2.0 FPM [ DBE min=-500, max = 1000
Bement predicion: Off

Mumizer of ioiope peaks used o HFIT =3

Maraeatops Mass, Even Electan lans

4436 formulage | evaluated with & results within limits jall esuts (up o 1000} for each mass)
Hements Usad:

G100 H: 150 Mz 010 Ce0-10 Poi-2 Broi-2

EYMAPT G258UE E05
Wl L 1E0E1 103 4 §0.175) S 4]

AROZ(I)

1 45809 ATIOT ATRT 474 07 yrene 48417

45008 45502 45702 470 47513 48113 55 05
1T T

T
4575 4500 4525 4550 4575 4700 4725 4750 47T 4800 4825 4550

BN imum -a0.10

Bax imum: 1.1 2.0 mo.a

=T ] Cala. Magss mba FiRd CEE i-FIT HoEm Conf (%) Foemula

471.0704 471.0701 0.3 0.8 1.5 1g08.0 0.000 195.33 C17 H30 G& F2 Be
4710858 O0.& 1.3 13.5 1617.1 9.08e 0.01 C20 H21 HE O F Be
4710858 O0.& 1.3 -16.5 1823.5 15.483 0.00 C4 H43 310 F2 Bel2
471.0712 -0.8 -1.7 -11.5 1624.8 1l6.714 0.00 5 H3I3 M4 OB F2 Be2
471.0708 -0.4 -0.8 -1.5 1626.0 17.876 0.00 CH H3O0 W10 & F Be2
471 .0685 0.3 1.3 -6.5 1626.3 1B.250 O0.00 C7 H34 He OF F Bel2
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$12:31p, 1H, and 3C NMR spectra and mass analysis of tetraethyl (1,3-bis(4-(bromomethyl)phenyl)propane-
2,2-diyl)bis(phosphonate) (3f)

tetraethyl (1,3-bis(4-(bromomethyl)phenyl)propane-2,2-diyl)bis(phosphonate)
C25H3606Br2P
654,31 g/mol
Yellow oil
ARO65 - 2 Q
24.0 23.8
f1 (ppm)
B
1‘90 1‘80 1;0 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 ‘ 5;0 8‘0 ;0 6‘»0 ;0 ‘;O ?‘;0 2‘0 1‘0 6

100
f1 (ppm)
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SYNAFT G2-S#UEE205 ARO21(Z) 11-May-201§|
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 2.0 FFM [ DBE: min=-530.0, max = 1000
Bement predicion: Of

Mumiber of olope pediis used for HFIT = 3

MManasatops Mass, Even Elecran lans

2857 formulade ) evalusted with 3 results within limits fall msuts (up o 1000} for sach mass)
Elements Used:

G 0-100 H: 0150 Bz 3-10 x0-10 P12 Br2e2

EYMART GZESUERI0S AROZ1(Z] T1ehary-2016
Yo LF= 1B051 102 4 (0.175] Cmi 4] 1 TOF WS ES+
318007
1 EER04 FRERES
529 21 S4TOE 56N mEn 4goEe 13 51108 EETO1EM 08 04 ETTOE  gomo0 o527 iz
=0 =0 40 S50 SE0 STD 580 590 00 610 B30 B40 B0 BEO0 BP0 BEO  BE0 TO0 TI0 720
LN i -50.0
Max dmum: 1.1 2.0 wo0.0
Mass Cale, Mass mDa FEM [EE 1-FIT  Heem  Conf (v} Formula

653.0433 B53.0432 ]
653.0428 ]
Bh3. 0448 -

.1 .2 7.5 1eEE.3 0.432 64.51 C26 H3I? OB F2 B2
.4 - 17.5 1ee7.5 1.583 20.96 C20 H2ZB ME O F Brl2
1.3 -2.0 12.5 1eE7.9 1.857 14.13 C26 H3I3 M4 02 P2 Be2
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$13:3p, IH, and 3C NMR spectra and mass analysis of tetraethyl (1-(p-tolyl)propane-2,2-
diyl)bis(phosphonate) (6)

3
(0] (0] |2/ tetraethyl (1-(p-tolyl)propane-2,2-diyl)bis(phosphonate)
EtO._I n_oO
P_1 P C18H3206P>
406,40 g/mol
Yellow oil
AR085 ?i
Zé.S Zé.O
f1 (ppm)
2‘40 ‘ 2‘20 ‘ 260 ‘ 1‘80 ‘ 1‘60 ‘ 1LIO ‘ 1‘20 ‘ 160 ‘ éO ‘ : 2‘0 6 ‘10 ‘ ‘30 ‘ -;0 ‘ ‘70 ‘ F‘JO ‘ 1‘20‘

60 40
f1 (ppm)
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SYNAPT G2-5#UEB205 AR085 28-Apr-2017
Y-JP17042806 3 (0.141) Cm (35) 1: TOF MS ES+
ao7.17 1.68e8
100+
}q_
] foe.18
379.14
429.16
35111
295'05\| 1 30.16 497.22
obe B rres1B® | .'| Ll 02023 %0 0070 89532 giaone3pze t0ses 121041 130548 o
100 200 300 400 500 600 700 8O0 900 1000 1100 1200 1300 1400
SYNAPT G2-S#UEB205 AR085 28-Apr-2017
Y-JP17042806 3 (0.141) Cm (3:5) 1: TOF MS ES+
40717 1.6868
100-
a_\_q_
] a08.18
379.14
42916
380.15 409.18 430,16
1843414
o 2% 361.1330513%7:9% 37 g 37010 (3811538510 _393.16%51240113%0713) | [ 410,18 2119 wens | o MW aasgft S
1 T T L T T 1 1 T T T T T T 1 1 T 1 1
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Elemental Com position Report Page 1

Single Mass Analysis

Tolerance =1.0mDba { DBE min=-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used fori-FIT =3

Manaisatapic Mass, Evan Bactron lans
3015 formulaja) evaluated with 8 results within imits (up to 50 best isalopic matchas for each mass)

Elamants Usad:
C14100 H 0100 WN:0-20 O:0-20 P:0-2

SYMAPT G2-5#LEB205 ARDBS ZE-Ape-201T
Y-IP1T0MZ806 3 (0.141) Cm (3:5) 1: TOF M5 ES+

168e+008
365.13

I% 361.13 A7300 37914 . . 0. 18 43119 AZ006 434 14 4431744513 ”i‘r‘lié
360.0 3700 380.0 3000 A00.0 4100 A20.0 4300 440.0
Mindiemum: =1.5
Masdmum: 1.0 ENI] 50.0
Mass Cale. Mass mDa EEM COEE i=FIT Norm Conf (%] Formula
407 1747 407.1752 =0.5 =1.2 3.5 2314.7 0.005 99.44 C18 H33 08 P2
a07.174% =0.2 =0.5 13.5 232003 5.a0& 0.37 C21 HI4 HNg O B
4071751 =0.4 =1.0 5.5 2321.5 &.838 0.11 11 HZ3 W10 o
4071734 0.8 2.0 9.5 2322.1 7.427 0.08 C15 HZ5 N10 P2
407.1738 0.9 2.2 0.5 2325.0 10.308 0.00 C10 H27 W& 011
407.1738 0.9 2.2 11.5 2327.8 12.%&2 0.00 CH H15 HIO O
a07.1754 =0.7 =1.7 6.5 2328.4 13.738 0.00 CH H20 N1B 02 B
4071741 0.a 1.5 1.5 2328.% 14.207 0.00 5 H24 N14 08 B
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S14:31p, 1H, and 3C NMR spectra and mass analysis of tetraethyl butane-2,2-diylbis(phosphonate) (7)

3 o

] f

tetraethyl butane-2,2-diylbis(phosphonate)

0.9 9/0 C12H2806P>
PP
o ~0 330,30 g/mol
)2 4 5 K Colorless oil
3 6
AR090 ;
N
R
~
g
memaesesmerannsosl Soransemcertoniectrecnce.
T T T T T T T
30 28 26
f1 (ppm)
240 220 200 180 160 140 120 100 20 0 -10 30 -50 70 90 120

60 40
f1 (ppm)
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SYNAPT G2-S#UEB205 AROD90 28-Apr-2017
Y-JP17042807 3 (0.141) Cm (3) 1: TOF MS ES+
100~ 415.24 3.57e7
;“-q_
1 3721 1624
359.18
303.11 82341
426.22
4.41
219.02 61526 73931
o 1370420001 | Aar22 s 632.19 L 897.44 90151 109748 4144 57 120960 139370 -
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

SYNAPT G2-S#UEB205 AROD90 28-Apr-2017

Y-JP17042807 3 (0.141) Cm (3) 1: TOF MS ES+

100~ 415.24 3.57e7

}q_
] wrn 416.24
331.14 358.18
308.11 - 12622
3p4.18 |388 “Z429.25
275.08 28510 304,12 33215 360.18 412.21
249.08 N 303.03‘/ T3 35313 M ﬁm 22, 5| 438,22 46827 48321 4983350344
e ety .
250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500
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General Papers

Elemental Com position Report Page 1

Single Mass Analysis
Tolerance =1.0mDa / DBE: min=-1.5 max = 50.0

Element prediction: Off
Mumber of isotope peaks used fori-FIT =3

Monaisotopic Mass, Even Bactron lons

1781 formulafe) evaluated with 4 results within limits (up 1o 50 best isolopic malches for each mass )
Elemants Usad:

Ci1-100 H: 0100 MN:0-20 O:0-20 P:0-2
SYNAPT G2-S#UEB205

Y-JPITOAZB0T 3 (0.141) Cm (3)

ARG 28-Ape-2017
1: TOF M5 ES+
35T e+00T
a1

BT apq 22

28510 30311 31713 331.14 353 13 35918 46827 48321 499,33

1% 249.08 375,08
miz

il E80 300 320 340 380 380 400 430 440 A6l 480 500

Mindiemuem: =1.5
Maw imuem: 1.0 3.0 50.0
Maszs Cale. Mass mbDa PEM DBEE i=FIT Horem conf (%) Formula
331.1441 331.143% o.z 0.8 =0.5 1968.1 0.001 9%.84 C12 HI% 0§ P2

331.1434 0.5 1.5 3.5 19475.3 7.1644 0.08 C15 HI0 Hé O F

331.1438 0.3 0.9 1.5 1975.4 7.472 0.04 C5 H1% W10 o7

331.1447 =0.4 =-1.4 13.5 1979.6 11.423 0.00 C21 H1% W& 02
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S15: 31p, 1H, and 13C NMR spectra and mass analysis of tetraethyl decane-2,2-diylbis(phosphonate) (8)

tetraethyl decane-2,2-diylbis(phosphonate)

o0=p" 4 C18H4006P2
6 8 10 12
1 414,46 g/mol
O=P. 5 7 9 1 .
I \O Yellow oil
-0 M2\
2
3 3
AR112 3
3
~
¢
T T 1
27.6 275 274
1 (ppm)
)
240 220 200 180 140 120 80 0 0 -10 -30 50 70 -90 -120

60 40
f1 (ppm)
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Elemental Composition Report Page 1

Single Mass Analysis

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

Mumber of isotope peaks used fori-FIT =3

Manaisalapic Mass, Evan Baclron lans
3153 formulafe) evaluated with 5 rasulls within limils (up to 50 best isatopic matches for each mass )

Elemants Usad:
C:1-100 H:0-100 N:0-20 O:0-20 P:0-2
SYNAPT G2-S#LEB205 ARMIZ 2B-Apr-2017
Y-IP17042805 4 (0.175) Cm (3:4) 1: TOF MS ES+
1.172+008

1 4324 45728
‘%1 igg18 37349 38T 40133 | AxZ: a3 2z 453 18" 475 28483 21 G033 51338

1 T T 1 T 1 T T T 1 T T 1 | T T T 1 1 T T miz

(AR AR MAARE A RARA] RARAN UALAE LA LR RARM | T
380 370 380 380 400 410 420 430 440 450 L] 470 480 490 500 510

Mindiemum: =1.5

Maxdimuem: 1.0 3.0 50.0

Mass Cale. Mass mDa BEM DBE i=FIT Horm Conf (%) Formula

4152374 4152378 =0.4 =1.0 =0.5 2088.3 0.012 9H.AHS C18 H41 O B2
4152377 =0.13 =0.7 1.5 2073.5 5.180 0.5 11 H31 w10 o7
4152375 =0.1 =0.2 9.5 2073.7 5.38&  0.47 C21 H32 Nea O B
415.23/5 0.4 2.2 5.5 2075.0 &.712 0.12 15 H33 W10 P2
415.2380 =0.4 =1.4 2.5 2080.% 12.5%0 0.00 CH HZH W18 02 P
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$16: 3'P, H and 3C NMR spectra of diphenylphosphine oxide (10)

o0 H Diphenylphosphine oxide
\ 2 \\P/ 1 2' . C12H11OP
1 202,19 g/mol
4 6 ¢ 4
5 5 White solid
AR005 3

3000.86

_
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20 18
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240 220 200 180 160 140 120 100 80 60 40
f1 (ppm)

Page S57 ©AUTHOR(S)



General Papers ARKIVOC 2020, vi, $1-S73

AR0O5 K&
SR
S
5
a @
s &
¥ o
(2] <
o ~
™M o~
(.
—
20 16
£1.(ppm) l}\
W
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
240 220 200 180 160 140 120 100 80 0 40 20 0 -20 -40 -60 -80 -100 -130
f1 (ppm)
AROO5 BRREGEAGNABNIL
ONNNNNNNNNN
~ D=HINOANDODOOW®
o~ OM=ININMO VAN
I\ NBAANSMNS =
~ QDONNMMMANOOO
< [eloNoNoNoNoNoNe NNl
(a2} MmMmmMmnmMmenmonma
SNSONV A
T T T T T T T T T T T
89 88 87 86 85 79 78 77 76 75 74
1 (ppm) f1 (ppm)
~A A J\._J\ s )
g g
o <+ ©
T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 8 7 6 5 4 3 2 1
f1 (ppm)

Page S58 ©AUTHOR(S)



General Papers

ARKIVOC 2020, vi, S1-S73

AR005 B8a8IRI &
NN SSSaw
MmMnmMmnmMmon NN
jufujugaugaia g
=g
O~ jt=] — T <
o o a <+ M @0 o
—a < o0 e B o
n < ~ ~N O n @ N~
™Mm M o o [e 23]
mMm ™M ™ Mmoo NN
il a i A
N/ a [
| |
|
|
T T T T T T T T T
133.0 1328 132.6 1324 1322 132.0 131.6 131.2 130.8 129.5 129.0 128.5
f1 (ppm) f1 (ppm) f1 (ppm)
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 140 130 120 110 80 70 60 50 40 30 20 10 0 -10

100
f1 (ppm)

Page S59

©AUTHOR(S)



General Papers ARKIVOC 2020, vi, $1-S73

S17: 31P, H and 13C NMR spectra of diphenylhydroxymethylphosphine oxide (11)

N

e

OH (hydroxymethyl)diphenylphosphine oxide

7
2 O )1. 2 C13H1302P

\\P ' ‘
s f 3 232,22 g/mol
4 6 ¢ 4 White solid
.

5
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5179.15

J

32.2 32.0 31.8

1-(opm)
PP
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S18: 31P, 1H and 3C NMR spectra of (diphenylphosphoryl)methyl 4-methylbenzenesulfonate (12)

4
2
5 o O ™ (diphenylphosphoryl)methyl 4-methylb lfonat
LS " 1 14 phenylphosphoryl)methyl 4-methylbenzenesulfonate
P\7/O_S CH3 C20H1904SP
\ d’ O o 10 386,40 g/mol
.
White solid
4' 5
ARO013 S
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A
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S19: 31p, 1H and 3C NMR spectra of (bromomethyl)diphenylphosphine oxide (13)

Br (bromomethyl)diphenylphosphine oxide
2 O\\;) . C13H1ZOBrP
1 .
3 O{ \© 295,12 g/mol
4 6 o 4 White solid
5 3
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L

8 27 26
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S20: 3'P, 1H and 3C NMR spectra of diethyl ((diphenylphosphoryl)methyl)phosphonate (14)

3
. 9 . .
4 2 s'K diethyl ((diphenylphosphoryl)methyl)phosphonate
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|| ||
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S21: 3P, 1H and 3C NMR spectra of diethyl (2-(4-(bromomethyl)phenyl)-1-
(diphenylphosphoryl)ethyl)phosphonate (15a)

diethyl (2-(4-(bromomethyl)phenyl)-1-(diphenylphosphoryl)ethyl)phosphonate
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S22: 3P, 1H, and 3C NMR spectra and mass analysis of diethyl (1-(diphenylphosphoryl)-2-(p-
tolyl)ethyl)phosphonate (15b)

diethyl (1-(diphenylphosphoryl)-2-(p-tolyl)ethyl)phosphonate
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Synapt G25 UEB205 AR121-4 26-Feb-2020
AMZN-200228-01 25 (0.809) Cm (5:30) 1. TOF MS ASAP+
i 457,17 7.22¢3
100+
| b
=]
458.18
465.17
479,15
451.11 )
42944 { 49643
430,14 556,28
I AL T \( LLJ j | H si213 sania | 5313 BOSZIGINIS o 6447767333 086071702
u‘.H.g.‘J,LJ‘uq.l,_‘.T,.,l,n,lh_,;,l, ik .i{l‘ N A A YA AT i .I\.I T Il\l +.. it e (I i I\\ et et i
400 420 440 480 480 500 520 540 560 580 GO0 620 660 6E0 T00 720
High Resolution Mass Result
Analysis Info Acquisition Date 2/24/2020 2:16:32 PM
Sample N:
g AR122-3 Instrument/Ser#  miciOTOF-Q 228888.10300
Acquisition Parameter
Source Type ESI lon Polarity  Positive Scan Begin 50 m/z Scan End 2200 miz
Intens. |
xlog_ t+
4571711
4]
3]
24
11
479.1521
] L 471.1850 R
410 445 450 s 450 485 470 475 a5 mz
Meas.m/z # lonFormula Score m/z err[mDa] err[ppm] rdb e Conf N-Rule
4571711 1 C26H27N4P2 100.00 457.1705 06 13 185 even ok
2 C25H3104P2 3558 457.1602 19 42 115 even ok
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Mass Result
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