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General procedures. All commercially obtained reagents for the desulfitative C-P coupling
reaction were used as received; sodium arylsulfinates and potassium arylsulfinates were prepared
according to literature!; silver arylsulfinates were prepared according to literature?. Dipropyl
phosphonate and bis(2-methoxyethyl) phosphonate were prepared according to literature’.
Dichloromethane (DCE), hexane, and ethyl acetate (EA) were distilled prior to use. All reactions
were carried out in the air. Reactions were monitored by thin layer chromatography (TLC) carried
out on 0.25 mm E. Merck silica gel plates (60F-254) using UV light as the visualizing agent and
an acidic mixture (10%) of phosphomolybdic acid, ethanol, and heat as developing agents.
Qingdao haiyang silica gel (200-300 mesh) was used for flash column chromatography. NMR
spectra were recorded on Bruker Advance III-400 instruments and calibrated using residual
undeuterated solvent as an internal reference (TMS @ 0.00 ppm 'H NMR, CHCIl; @ 77.16 ppm
BC NMR, no reference for 3'P NMR). The following abbreviations (or combinations thereof)
were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, b = broad. Mass spectra were recorded on Polaris Q by electron impact ionization
method.

The reactions involving microwave irradiation were conducted under air in heavy-walled
glass vessel purchased from CEM. The inner diameter of the vial was 1.3 cm, and its volume, 10
mL. The microwave heating was performed in a CEM DISCOVER SCLASS focused single-mode
microwave cavity using a dynamic method. The reaction mixtures were stirred with a magnetic stir
bar at high speed during the irradiation. The temperature, pressure, and irradiation power were
monitored during the course of the reactions using the provided software. The irradiation power
for solvent: toluene-160W, xylene-180W, EtOAc-120W, THF-50W, DCE-50W, DMF-40W,
DMSO-40W, DMF/DMSO-40W.

General procedure for the preparation of the arylphosphonates. Arylsulfinate metal salt (0.36
mmol or 0.18 mmol), PdCl, (0.06 mmol), Ag,CO; (0.6 mmol), DMF/DMSO (v/v = 19/1, 2 mL),
and H-phosphonate (0.3 mmol) were added to the microwave tube. The tube was sealed and
stirred for 20 minutes at ambient temperature. The tube was then heated at 40W for 10 minutes at
120 °C. After cooling down, the resulting suspension were filtered through a pad of celite and
washed with CH,Cl,. A small amount of silica gel was added into the filtrate, and then evaporated.
The residue was purified by flash chromatography on silica with hexane/ethyl acetate to provide

the desired product.

All possible products of the model reaction determined by GC-MS.
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Diethyl pyrophosphate was also generated in several conditions. Due to the too many types

SONa O
+ H-P(OEt), ——>

of side products, we would like to solely employ inorganic Palladium catalysts and inorganic

I Crowell, T. A.; Halliday, B. D.; McDonald 111, J. H.; Indelicato, J. M.; Pasini, C. E.; Wu, E. C. Y. J. Med. Chem.
1989, 32, 2436.

2 Huang, W.-Y.; Hu, L.-Q. J. Fluor. Chem. 1989, 44, 25.

3 Santschi, N.; Togni, A. J. Org. Chem. 2011, 76, 4189.
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oxidants to avoid the introduction of other organic side-products. Similar product distributions

were obtained with other arylsulfinate metal salts. We also ran the model reaction at 130 °C for

10h under conventional reflux condition. Relatively low conversion of diethyl phosphite and low
yield were observed by GC-MS.

Plausible mechanism for the formation of the products
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2) Reaction carried out in the absence of PdCl, (Table 1, entry 15).
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Characterization data for arylphosphonates

Diethyl p-tolylphosphonate (3a)

5 6 E/O\/
4:3 2>1 \O/\

'H NMR (400 MHz, CDCLy): 6 7.70 (2H, dd, H2, H6, J»s.p = 13.6 Hz, Jy.35 = 7.8 Hz), 7.28 (2H,
m, H3, H5), 4.10 (4H, m, CH,), 2.40 (3H, s, C4CH3), 1.31 (6H, t, CH,CHs, Jens.ci = 7.1 Hz). 13C
NMR (100 MHz, CDCls): 5 143.03 (d, C4, J = 3.0 Hz), 131.92 (d, C2, C6, J = 10.3 Hz), 129.30 (d,
C3, C5, T = 15.4 Hz), 125.09 (d, C1, J = 190.0 Hz), 62.06 (d, CH,, J = 5.3 Hz), 21.74 (CACHs),
16.41 (d, CH,CHs, J = 6.6 Hz). 3'P NMR (162 MHz, CDCls): 6 19.56. MS (70 eV, EI) m/z (%):
228 (M, 11), 200 (10), 172 (100), 155 (38), 137 (6.6), 119 (33), 108 (30.3), 91 (65.7), 65 (17).

Dimethyl p-tolylphosphonate (3b)
5 6 0O o

n
ase
3 2

'H NMR (400 MHz, CDCL3): § 7.69 (dd, 2H, H2, H6, J».p = 13.1 Hz, J56.35 = 8.1 Hz), 7.29 (dd,
2H, H3, H5, Jys.056 = 8.1 Hz, Jys.p = 4.1 Hz), 3.76 (s, 3H, OCH;), 3.73 (s, 3H, OCHj), 2.41 (s, 3H,
C4CHs). 3C NMR (100 MHz, CDCly): 6 143.40 (d, C4, J = 3.2 Hz), 132.09 (d, C2, C6, T = 10.3
Hz), 129.44 (d, C3, C5, T = 15.5 Hz), 123.68 (d, C1, T = 191.0 Hz), 52.73 (d, OCHs, J = 5.5 Hz),
21.80 (d, C4CHs, J = 1.2 Hz). 3'P NMR (162 MHz, CDCly): § 22.39. MS (70 €V, EI) m/z (%):
199 (M*-1, 51), 169 (11), 155 (36), 105 (100).

Dipropyl p-tolylphosphonate (3¢)
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(,)./O\/\
44@17'3\0/\/
'H NMR (400 MHz, CDCls): § 7.70 (2H, dd, H2, H6, Jys.p = 13.1 Hz, Jps.35 = 8.1 Hz), 7.27 (2H,
dd, H3, HS, J3/5.06 = 7.3 Hz, J35p = 3.7 Hz), 3.98 (4H, m, OCH>), 2.40 (3H, s, C4ACHj3), 1.69 (4H,
tq, CH,CHs, Jema.cmz = 7.2 Hz, Jemp-cns = 7.2 Hz), 0.93 (6H, t, CH,CH3, Jens.cno = 7.4 Hz). B3C
NMR (100 MHz, CDCl;): 6 142.97 (d, C4,J=3.1 Hz), 131.94 (d, C2, C6,J =10.2 Hz), 129.29 (d,
C3, C5, J = 154 Hz), 125.12 (d, C1, J = 190.6 Hz), 67.56 (d, OCH,, J = 5.6 Hz), 23.90 (d,
CH,CHj3, J = 6.7 Hz), 21.75 (C4CH3), 10.18 (CH,CHj). 3'P NMR (162 MHz, CDCl;): 6 MS (70
eV, EI) m/z (%): 257 (M*-1, 3.6), 215 (54), 197 (7.2), 173 (100), 155 (40), 132 (34), 117 (11), 91
(36), 65 (9).

Diisopropyl p-tolylphosphonate (3d)

5 6
00,
4 1 P\O\(

3 2

'H NMR (400 MHz, CDCLy): § 7.70 (dd, 2H, H2, H6, J»s.p = 13.1 Hz, Jo6.55 = 8.1 Hz), 7.25 (dd,
2H, H3, H5, Jys5.06 = 8.1 Hz, Jy5p = 4.0 Hz), 4.67 (m, 2H, CH), 2.40 (s, 3H, C4CH;), 1.36 (d, 6H,
CHCHs, Jens.cn = 6.2 Hz), 1.22 (d, 6H, CHCHs, Jeys.cn = 6.2 Hz). 3C NMR (100 MHz, CDCLy):
S 142.59 (d, C4, ] = 3.2 Hz), 131.89 (d, C2, C6, J = 10.2 Hz), 129.13 (d, C3, C5, J = 15.4 Hz),
126.80 (d, C1, J = 190.7 Hz), 70.59 (d, CH, J = 5.4 Hz), 24.19 (d, C4CHs, J = 3.9 Hz), 23.94 (d,
CHCH,, J = 4.9 Hz). 3'P NMR (162 MHz, CDCly): 6 17.33. MS (70 eV, EI) m/z (%): 257 (M*+1,
4,215 (22), 182 (72), 173 (100), 167 (45), 155 (51).

Dibutyl p-tolylphosphonate (3e)

— 9/0\/\/
44@14)\0/\/\

3 2
'H NMR (400 MHz, CDCl5): 6 7.69 (2H, dd, H2, H6, J,.p = 13.1 Hz, J5.35 = 7.4 Hz), 7.27 (2H,
m, H3, H5), 4.02 (4H, m, OCH,), 2.40 (3H, s, CACHs), 1.64 (4H, m, OCH,CH,), 1.38 (4H, tq,
Jema.cme = 7.3 Hz, Jema.cmz = 7.3 Hz), 0.90 (6H, t, CH,CHj, Jeps.cnz = 7.4 Hz). 13C NMR (100
MHz, CDCl;): ¢ 142.95 (d, C4, J =3.3 Hz), 131.94 (d, C2, C6,J =10.2 Hz), 129.28 (d, C3, C5,J
=15.4 Hz), 125.11 (d, C1, J = 190.11 Hz), 65.77 (d, OCH,, J = 5.6 Hz), 32.55 (d, OCH,CHj;, ] =
6.6 Hz), 21.76 (C4CH3), 18.85 (CH,CH3), 13.70 (CH,CH3). 3'P NMR (162 MHz, CDCl;): 6 19.54.
MS (70 eV, EI) m/z (%): 284 (M*, 4), 229 (29), 173 (100), 155 (24), 146 (8), 131 (3.7), 91 (11.4),
65 (3).

Diisobutyl p-tolylphosphonate (3f)

5 6
|O'/O\/k
4 1 P\O/\(
3 2
'"H NMR (400 MHz, CDCl;): 6 7.70 (dd, 2H, H2, H6, Jcp = 13.1 Hz, Jy6.55 = 8.0 Hz), 7.27 (dd,
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2H, H3, H5, Jys5.06 = 8.0 Hz, Jys.p = 4.0 Hz), 3.79 (m, 4H, OCH,), 2.40 (s, 3H, C4CHs), 1.94 (m,
2H, CH), 0.93 (dd, 12H, CHs, Jepsp = 6.7 Hz, Jems.cn = 1.9 Hz). 13C NMR (100 MHz, CDCLy): &
142.90 (d, C4, J = 3.2 Hz), 131.93 (d, C2, C6, J = 10.2 Hz), 129.26 (d, C3, C5, J = 15.4 Hz),
125.08 (d, C1, J = 191.1 Hz), 71.92 (d, OCH,, J = 6.0 Hz), 29.26 (d, CH, J = 6.8 Hz), 21.75 (d,
C4CH,, J = 1.2 Hz), 18.84 (d, CHCHs, J = 1.0 Hz).3'P NMR (162 MHz, CDCls): 5 19.24. MS (70
eV, EI) m/z (%): 285 (M*, 2), 229 (12), 173 (100).

Bis(2-methoxyethyl) p-tolylphosphonate (3h)

5 6 O o

( ) ||:|’/ ~ 0"

4 1 \O/\/O\

3 2
'"H NMR (400 MHz, CDCl;): 6 7.73 (dd, 2H, H2, H6, J,p = 13.3 Hz, J16.35 = 8.1 Hz), 7.27 (dd,
2H, H3, HS, J355.0/6 = 8.1 Hz, J3;5.p = 4.2 Hz), 4.19 (m, 4H, POCH,), 3.59 (m, 4H, CH,0CHj;), 3.35
(s, 6H, OCH;), 2.40 (s, 3H, C4CH5). 3C NMR (100 MHz, CDCl;): 6 143.24 (d, C4, ] = 3.2 Hz),
132.09 (d, C2, Cé6, J = 10.5 Hz), 129.30 (d, C3, C5, ] = 15.7 Hz), 124.56 (d, C1, J = 192.6 Hz),
71.66 (d, CH,OCH3;, J = 6.6 Hz), 64.91 (d, POCH,, J = 5.6 Hz), 59.03 (OCH3), 21.80 (d, C4CH3;, J
= 1.2 Hz). 3'P NMR (162 MHz, CDCl3): d 20.52. MS (70 eV, EI) m/z (%): 289 (M*+1, 2), 231
(90), 201 (23), 173 (100).

Diethyl phenylphosphonate (3i)

5 6 O
|'/O\/
el
3 2

'H NMR (400 MHz, CDCLy): 6 7.82 (ddd, 2H, H2, H6, Jos.p = 13.3 Hz, Jos.35 = 8.2 Hz, Jyes = 1.3
Hz), 7.55 (ddd, 1H, H4, J,35 = 7.5 Hz, J,p = J4-6/2 = 1.4 Hz), 7.47 (ddd, 2H, H3, H5, J35.06 = 8.2
Hz, Jys.4 = 7.5 Hz, Jys.p = 4.2 Hz), 4.12 (m, 4H, CH,), 1.32 (t, 6H, CHs, Jems.cip = 7.1 Hz). 13C
NMR (100 MHz, CDCly): § 132.42 (d, C4, J = 3.0 Hz), 131.82 (d, C3, C5, J = 9.9 Hz), 128.52 (d,
C2, C6,J = 15.0 Hz), 128.47 (d, C1, ] = 187.8 Hz), 62.15 (d, CHa, J = 5.4 Hz), 16.40 (d, CH, J =
6.5 Hz).3'P NMR (162 MHz, CDCL;): ¢ 18.78. MS (70 eV, EI) m/z (%): 213 (M*-1, 17), 186 (22),
158 (71), 141 (68), 105 (72), 94 (100).

Diethyl m-tolylphosphonate (3j)

5 6
|O'/O\/
4 1 P\O/\
3 2

'H NMR (400 MHz, CDCL3): § 7.64 (d, 1H, H6, J6-P = 13.4 Hz), 7.58 (m, 1H, H2), 7.35 (m, H3,
H4, 2H), 4.11 (m, 4H, CH,), 2.40 (s, 3H, C5CHz), 1.33 (t, 6H, CH,CHs, Jeys.cm = 7.1 Hz). 3C
NMR (100 MHz, CDCly): 5 138.34 (d, C5, J = 15.0 Hz), 133.23 (d, C4, ] = 3.2 Hz), 132.35 (d, C6,
7=10.0 Hz), 128.84 (d, C2, ] = 9.7 Hz), 128.44 (d, C3, ] = 15.8 Hz), 128.19 (d, C1, J = 186.8 Hz),
62.09 (d, CH,, ] = 5.4 Hz), 21.37 (C5CH;), 16.40 (d, CH,CH;, J = 6.5 Hz). >'P NMR (162 MHz,
CDCly): § 19.28. MS (70 eV, EI) m/z (%): 228 (M™, 19), 200 (18), 172 (100), 155 (31).

Diethyl o-tolylphosphonate (3k)
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E/O\/

‘ 3 2 1 \O/\
'H NMR (400 MHz, CDCls): 6 7.91 (ddd, 1H, H2, Jop = 14.4 Hz, J,5 = 7.9 Hz, J,4 = 1.4 Hz),
7.43 (m, 1H, H4), 7.27 (m, 2H, H3, HS), 4.12 (m, 4H, CH,), 2.58 (d, 3H, C6CHs, Joscrp = 1.5
Hz), 1.33 (t, 6H, Jeus.cmr = 7.1 Hz). 3C NMR (100 MHz, CDCls): § 141.89 (d, C6, J = 10.2 Hz),
133.99 (d, C2, J = 10.3 Hz), 132.52 (d, C4, J = 3.0 Hz), 131.28 (d, C5, J = 14.9 Hz), 126.92 (d, C1,
J = 183.9 Hz), 125.45 (d, C3, J = 14.9 Hz), 61.95 (d, CH,, ] = 5.5 Hz), 21.31 (d, C6CH;, ] = 3.6
Hz), 16.41 (d, CH,CHs, J = 6.5 Hz). 3P NMR (162 MHz, CDCls): 6 19.44. MS (70 eV, EI) m/z
(%): 228 (M, 46), 213 (90), 200 (31), 185 (47), 172 (97), 154 (100).

Diethyl (4-(tert-butyl)phenyl)phosphonate (31)

> < > E/O\/

4 1 \O/\
'H NMR (400 MHz, CDCly): 6 7.74 (dd, 2H, Jysp = 13.0 Hz, Jos.55 = 8.5 Hz), 7.48 (dd, 2H, H3,
HS, J3s.006 = 8.5 Hz, Jysp = 3.9 Hz), 4.11 (m, 4H, CHy), 1.33 (s, 9H, C(CH5)s), 1.32 (t, 6H, Jes.
iz = 7.1 Hz). 13C NMR (100 MHz, CDCls): 6 155.90 (d, C4, J = 3.2 Hz), 131.71 (d, C3, C5, ] =
10.3 Hz), 125.51 (d, C2, C6, J = 15.2 Hz), 125.05 (d, C1, J = 190.1 Hz), 61.99 (d, CH,, J = 5.4
Hz), 35.07 (d, C(CH3)s, J = 0.6 Hz), 31.13 (C(CHs)s), 16.39 (d, CH,CH;, J = 6.6 Hz). 3'P NMR
(162 MHz, CDCl3): § 19.44. MS (70 eV, EI) m/z (%): 270 (M*, 12), 255 (100), 242 (12), 227 (88),
214 (23), 199 (41), 181 (10).

Diethyl (4-acetamidophenyl)phosphonate (3m)

5 6 @) o
192 \/
P X
@)
3 2
O
'H NMR (400 MHz, CDCl,): 6 9.44 (s, 1H, NH), 7.76 (dd, 2H, H3, H5, J3/5.066 = 8.6 Hz, J35p =
3.9 Hz), 7.70 (dd, 2H, H2, H6, Jy5.p = 12.6 Hz, Jy.35 = 8.6 Hz), 4.08 (m, 4H, CH,), 2.20 (s, 3H,
COCH;), 1.32 (t, 3H, CH,CH;, Jems.cin = 7.1 Hz). 13C NMR (100 MHz, CDCly): 6 169.70 (CO),
142.94 (C4), 132.71 (d, C2, C6, J = 10.8 Hz), 121.91 (d, C1, J = 192.5 Hz), 119.33 (d, C3, C5, J =
15.3 Hz), 62.32 (d, CH,, ] = 5.5 Hz), 24.52 (COCH3), 16.34 (d, CH,CHj3, J = 6.5 Hz). *'P NMR
(162 MHz, CDCl3): § 18.88. MS (70 eV, EI) m/z (%): 271 (M*, 47), 243 (86), 229 (36), 201 (100),
173 (66), 155 (12).

Diethyl (4-methoxyphenyl)phosphonate (3n)
5 6 0O
O
||/ \/
MeO@TP\ b
O
3 2
"H NMR (400 MHz, CDCl;): 6 7.75 (dd, 2H, H2, H6, Jys.p = 12.7 Hz, Jp.35 = 8.8 Hz), 6.97 (dd,
2H, H3, H5, J3/5.056 = 8.8 Hz, J3;5.p = 3.1 Hz), 4.09 (m, 4H, CH,), 3.85 (s, 3H, OCH;), 1.32 (t, 6H,
CH,CH3, Jems-ciz = 7.1 Hz). BC NMR (100 MHz, CDCl;): 6 162.89 (d, C4, J = 3.4 Hz), 133.82 (d,
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C2, C6, T =11.3 Hz), 119.59 (d, C1, J = 194.58 Hz), 114.06 (d, C3, C5, J = 16.0 Hz), 61.95 (d,
CH,, J = 5.3 Hz), 55.38 (OCH3), 16.39 (d, CH,CHs, J = 6.6 Hz). 3'P NMR (162 MHz, CDCLy): §
19.70. MS (70 eV, EI) m/z (%): 244 (M*, 28), 216 (60), 188 (100), 171 (19).

Diethyl (4-fluorophenyl)phosphonate (30)

5 6 |O|, o

Fj@rp\o/\

3 2
'H NMR (400 MHz, CDCl3): 6 7.82 (ddd, 2H, H2, H6, Jysp = 12.8 Hz, Jys.35 = 8.8 Hz, J = 2.5
5.6 Hz), 7.16 (ddd, 2H, HS, H6, J3/5.5 = J 3/5.06 = 8.8 Hz, J 350 = 3.2 Hz), 4.11 (m, 4H, CH,), 1.33
(t, 6H, CH3, Jems.cmz = 7.1 Hz). 13C NMR (100 MHz, CDCls): 6 165.50 (d, C4, Jc.r = 253.5 Hz),
134.50 (dd, C2, C6, Jc.p = 11.0 Hz, Jcr = 8.9 Hz), 124.68 (dd, C1, Jcp = 192.7 Hz, Jcr = 3.4 Hz),
115.96 (dd, C3, C5, Jcr =21.4 Hz, Jcp = 16.3 Hz), 62.33 (d, CH,, Jcp = 5.4 Hz), 16.47 (d, CHs,
Jep = 6.5 Hz). 3'P NMR (162 MHz, CDCl3): § 17.81. MS (70 eV, EI) m/z (%): 232 (M*, 16), 204
(21), 176 (100), 159 (39).

Diethyl (4-chlorophenyl)phosphonate (3p)

5 6

1°56)
CI@P/ 7
4 1 \O/\
3 2
'H NMR (400 MHz, CDCLy): & 7.75 (dd, 2H, H2, H6, Jos.p = 12.9 Hz, Jos.35 = 8.5 Hz), 7.45 (dd,
2H, H3, HS, Jys5.056 = 8.5 Hz, Jy5p = 3.4 Hz), 4.11 (m, 4H, OCHy), 1.32 (t, 6H, CHs, Joms.ci = 7.1
Hz). 3C NMR (100 MHz, CDCly): 6 139.05 (d, C4, J = 4.0 Hz), 133.31 (d, C2, C6, J = 10.7 Hz),
128.95 (d, C3, C5, J = 15.6 Hz), 127.13 (d, C1, J = 191.0 Hz), 62.38 (d, OCH,, J = 5.5 Hz), 16.43
(d, CHs, J = 6.5 Hz).3'P NMR (162 MHz, CDCls): § 17.60. MS (70 eV, EI) m/z (%): 248 (M", 19),
220 (17), 192 (100), 175 (30).

Diethyl (4-bromophenyl)phosphonate (3q)

5 6 (I?/ o

or—{_ Ve T

3 2
'"H NMR (400 MHz, CDCl;): 6 7.68 (dd, 2H, H2, H6, J,p = 12.7 Hz, J1/5.35s = 8.5 Hz), 7.62 (dd,
H3, HS, J3/5.066 = 8.5 Hz, J35p = 3.7 Hz), 4.11 (m, 4H, OCH,), 1.32 (t, 6H, CH3, Jcus.cuz = 7.1 Hz).
BC NMR (100 MHz, CDCl3): 6 133.40 (d, C2, C6,J = 10.6 Hz), 131.89 (d, C3, C5, J = 15.5 Hz),
127.63 (d, C4,J =4.1 Hz), 127.60 (d, C1, J = 190.4 Hz), 62.38 (d, OCH,, J = 5.5 Hz), 16.41 (6.4
Hz). 3'P NMR (162 MHz, CDCl3): § 17.73. MS (70 eV, EI) m/z (%): 294 (M*+1, 14), 292 (M*-1,
14), 265 (15), 236 (100), 221 (25), 213 (25), 185 (20), 172 (18).

Diethyl (4-nitrophenyl)phosphonate (3r)
5 6 0]
@)
||/ \/
3 2
'H NMR (400 MHz, CDCLy): 6 8.32 (dd, 2H, H3, H5, Jy5.05 = 8.4 Hz, Jys.p = 2.8 Hz), 8.03 (dd,
H2, H6, J2/6_p =12.6 HZ, J2/6_3/5 =8.4 HZ), 4.18 (m, 4H, CHz), 1.36 (t, 6H, CH3, JCH3—CH2 =7.1 HZ)
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13C NMR (100 MHz, CDCls): 6 150.24 (d, C4, J = 3.7 Hz), 135.87 (d, C1, J = 187.2 Hz), 132.97
(d, C2, C6, T = 10.5 Hz), 123.35 (d, C3, C5, J = 15.3 Hz), 62.77 (d, CH,, J = 5.7 Hz), 16.34 (d,
CHs, J = 6.2 Hz). 3P NMR (162 MHz, CDCLy): 6 14.86. MS (70 ¢V, EI) m/z (%): 258 (M*-1, 10),
242 (45), 232 (33), 214 (26), 204 (100), 186 (39).

Diethyl (4-(trifluoromethyl)phenyl)phosphonate (3s)

5 6 O
|'/O\/
FSCT;@TP\O/\
3 2
'H NMR (400 MHz, CDCL3): 6 7.95 (dd, 2H, H2, H6, Jysp = 13.0 Hz, Jos35 = 7.9 Hz), 7.73 (dd,
2H, H3, H5, Jy5.06 = 7.9 Hz, J35.p = 3.6 Hz), 4.15 (m, 4H, OCH,), 1.34 (t, 6H, Jops.cip = 7.1 Hz).
13C NMR (100 MHz, CDCly): 6 134.19 (dd, Jcsr = 32.7 Hz, Jcap = 3.3 Hz), 132.99 (d, C1, Jc1p =
187.9 Hz), 132.36 (d, C2, C6, Jeacer = 10.1 Hz), 125.45 (dq, C3, C5, Jesesp = 15.1 Hz, Jeyosp =
3.7 Hz), 123.69 (d, CF5, Jcps.p = 272.8 Hz), 62.63 (d, CH,, Jcyp.p = 5.5 Hz), 16.46 (d, CH3, Jcps-p
= 6.4 Hz). P NMR (162 MHz, CDCLy): § 16.26. MS (70 eV, EI) m/z (%): 281 (M*-1, 11), 263
(11), 255 (18), 227 (100), 209 (43), 189 (7), 172 (23), 162 (30).

Diethyl naphthalen-2-ylphosphonate (3t)

O
5 8a ! |g<ov
L™
6 4a 3
5 4

'H NMR (400 MHz, CDCLy): § 8.44 (d, 1H, H1, J;» = 15.1 Hz), .7.92 (m, 2H, H8, H4), 7.88 (d,
2H, H5, J = 7.9 Hz), 7.77 (ddd, 1H, H3, J5p = 10.9 Hz, J;4 = 8.4 Hz, I3, = 1.4 Hz), 7.58 (m, 2H,
H6, H7), 4.16 (m, 4H, CH,), 1.34 (t, 6H, CHs, Jeys.cnp = 7.1 Hz). 13C NMR (100 MHz, CDCLy): &
135.09 (d, C4a, J = 2.7 Hz), 134.14 (d, C1, J = 10.2 Hz), 132.44 (d, C8a, J = 16.6 Hz), 129.02
(C8), 128.46 (d, C4, J = 14.3 Hz), 128.1 (C5), 127.90 (d, C6, J = 0.7 Hz), 126.97 (d, C7, T = 1.1
Hz), 126.54 (d, C3, ] = 9.8 Hz), 125.52 (d, C2, J = 187.9 Hz), 62.46 (d, CH,, J = 5.3 Hz), 16.46 (d,
CH;, ] = 6.5 Hz). 3P NMR (162 MHz, CDCL3): § 19.08. MS (70 eV, EI) m/z (%): 264 (M*, 84),
236 (100), 208 (92), 190 (26), 155 (35).
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1H, 13C, 3P NMR, and MS spectra of arylphosphonates.

3a

0oo—

el
LE fV\.
EEL

o' c—

£01
501
S0¥
0¥
60 ¥
60¥

L
Zly
ch¥
£l
iy
Tl
gLy

LEFF
LEFP

Il

PN

o

12.0

60 55 &0 45 40 35 30 25 20 L& L0
£1 (ppm)

6.5

an 1.5

85

1L0 10,5 10,0 &5

11.5

12.5

2cal
Sw.m:W
|78 T

F0'29
50 m@.v

Fg9L
al .E.W
i

PLFZLY
£097LL
£T6ZL
sE67L--
181EL
1518}
Toerl
Soebl”

TEFF-13C
TEFF-13C

a0

£1 (ppm)

S10

Y )
180 17a 160 150 140 130 120 110 100

190




3a

DEPP-31F
IEFF-31F

< ) EP\/
\0/\\

1956

T T T T
130 110 80 &0 70 A0 BO 40 30

T
20 10

T
o -1

T T
-30 -50
£l (ppm)

T
=70

T
-80

2013-08-19-02eqPdCI2-2eqAg2CO2-HP(O)OEN2 #720 RT. 817 AV 1 NL: 4.5%E8

T +cFullms [ 50.00-600.00]
1004

[is)
o

o
fox

<o
<

s3]
=]

g
a

-
(=)

9108

@ @
S

a
a

Is
o

Relative Abundance
o
[

B
(=

%)
an

108.06

w
=}

9208

[~
an

[
&

6503

o

(=1

89.17
8313 | 7708 h 92,05 ‘

.

[

119.08

13701

17191

155.01

182.81

T
-110

19883

T T
-130 -150

T T T T T
-170 -190 -210 -230

E,O\/
{ ) \O/\

227.92

i_S‘J_.OQ“ G809 N
+ il bt
ek T

60 80 100

s

140

146.13 |163.04
]
T

Al
160
m/z

S11

| \‘|H
A
180

T
200

21282
ket
220

23913 24695 274 .97
T T

T
240 260

T
280



3b

000-—

e —

€LE~.
e

7L
7L
8L
6L
0g'L
194~

69°L
0LL
cLL

PMDM
PMDM

0°€
0€

1 (ppm)

ow.vN
—w._\NV

on.Nm
mn.wmv

¥8'9L
oL’LL W
m*.hm

€Lzl
£9'vzl #
LE'62h
zg6zk
Yo'zl
vLzel

6EEVL
crevl >

PMDM-13C
PMDM-13C

10 -10

200 190 180 170 160 50 140 130 120 110 100 90 80 0 60 50 10 30
£1 (ppm)

210

S12



3b

PMDM-31P
PMDM-31P

22.39

T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 =50 -70 -90
f1 (ppm)

T T T T T T T
-110 -130 -150 -170 -190 -210 -230

2013-11-22-4-Me-Ph-P{O)(OMe)2 #481 RT: 850 AV: 1 ML 3.59E5
T + cFullms [ 50.00-800.00]
105

o
T

[e]
o

w
(=]

o]
el

o
4

o)
=]

91

~
3

~
=

@
[

@
=]

w
&

199

piy
[

i
(=]

155

w
&)

w
o)

65

s
a

200

)
(0]

63 1 92

o

89 || 93 104 | 108

77 103 118 a7 187 | 470
107 122 —~

(=]

o

Relative Abundance
on
[
sl e T Db T e Db Db T b T b T T T i

74 ] 156 [ 201
2 llIE ‘.‘\F‘O. MK ‘ Loz o 1ol ||lms 1045, |2
} e el e e

il
f T T T
60 80 100 120 140 160 180 200
méz

fan)

T
220

S13



3c

96°E

ay
£y
o'y
a0y

IPFP
IPFP

o

Fe6s

Faooy

eoe

Fese

Foz

Feat

12.0

0.0 -0.5

0.5

30

3.5

7.0 65 A0 &5 &0 4.5
Tl (ppm)

.5

1.0 10.5 10.0 &5 9.0 &5

11.5

4B

alo—

INta
LHET
feer

mm.mm_
mm.hhm_.v

LCETS
mﬁ.mmW
aril

BLHTL
0 mﬁw
1Z 671
JERTL
60 1EL
g6 1617

SHETYL
86 Nﬁv

DPFP-13
DPFP-13

P
e o

o]
]
P
o

120

50

60

70

80

90

100

110

130

140

160

1 (ppm)

S14



3c

IPFP-31P
IPFP-31F

19.51

'IDO'/O\/\
( > RN

T T T T T T T
130 110 90 80 0 B0 B0 40 30 20 10 0 -10 -3 -50

T T T T T T T T T
=70 -90 -110 -130 -180 -170 -180 -210 -230

2013-11-08-4-Me-Ph-P{OnPr)2-1 #6386 RT. 1011 AV 1 MWL 135E7
T: + ¢ Fullms [ 50.00-600.00]

100+

173.02
=
e
855 4@7'\2‘),0\/\

E o
80
753

70
657
60
55% 215 01
503

459

Relative Abundance

405 15505
B 91.08
354 13209

[l [l [
i

o
[EENA NN AN NN RN N

=

11712
65.03 10812
93.10

197.03

wa

185.02

89.15 137.05 25703
i) 718 e |, ‘ ' ‘

) [ 15112 ‘| 17013 22Tee 24114 | 266,97
sttt e g et e

o

a1} ‘\l Al | |
i e e ey e
80 80 100 120 140 160 180 200 220 240 260
miz

S15



3d

000 —

1zl
[4 4
9L
L)

ovr'e—

[4°h4
Yo'y
Yo'y
S9'v
99y
L9V
L9V
89V
69V
0Ly
0Ly

veL
SC'L
9C'L
pxava
8¢'L
89°'L -
0L°L
VL
€L,

IPPTP
IPPTP

Feoz

=6l

-1.0

8.0 7.5 7.0

8.5

9.0

10.5

12.5

£1 (ppm)

16°€C
96'€C
L1've
oc've

95°0L
29°0L >
¥8'9L
ol’LL W
8v'LL

§8'6el
mN.wNFW
S0'621 pS
24147
v8'LEL
v6'LEL

wm.mvv
L9erl De

[PPTP-13C
IPPTP-13C

-10

10

20

30

40

60

70

80

90

100

110

120

130

140

150

160

f1 (ppm)

S16



3d

IPPTP-31P
IPPTP-31P

17.33

T T T T T
110 90 80

T T T
130 70 60

T
50

T T T T T T T
40 30 20 10 O

T T T T T
-50 -70
f1 (ppm)

T T T T T T T
-30 -90 -110 -130 -170 -190 -210

2013-12-11-4-Me-Ph-PO)OIPN2 #3534 RT. 922 AV: 1 ML: 1.35E6

T + cFullms [ 50.00-800.00]

o
T

[e]
o

w
(=]

o]
el

91

o)
=]

~
3

~
=

@
[

@
=]

w
&

piy
[

i
(=]

w
&)

w
o)

92

s
a

65

)
(0]

8¢

173

9,0/&
@P\OY

182

155

ey

165
215

155 |||y

T
-230

o (=] o

Relative Abundance
on
[
ool e T Dt T e Db Db T b T b T T T i

fan)

B3
51 59

75

T

108

107
105

115
‘,1.16

133

137
128 ‘139
;

152

157

183
197

198
[ 214 257

60

75*7,8
1T
L

80

1l
i
100

120

AN
Ll L
140

160
méz

S17

41216
207 || 220 241 25_5_” 58 973
LEARS e Lo nanac hosad nans A s sl o e : ki o it

200 220 240 260



aoo—

.
O

[ 9
75l ==
¥aL
9g')

oF— ——
96'E
95E
16E
B5E
BEE
00
10
0F
207
£0F
¥0F
S0
Five
iy 2
10
80
80k

572
A
) ST
522

L

3e
DTPP
DTFP

Fi1a
Fery
Fauw

Fooe

%t.v

Feoz

Fesr

0.0 -0.5

0.5

1.0

6.0 55 5.0
£1 (ppm)

6.5

&.0

8.5

8.0

1.6 1.0 10.5 10.0

12.0

0Lel—
GEal~

9’1z~
(A4S
a5 wmv
¥1'68
Dm.mmv
) mmv

L

al’i
eyl

alryzl

mm.mw—)/_r =
114 mw_.V .
AEBTL

GEIEL
GELEL
EGTFL
L6 mv_.v

DTFP-13C
DTFP-13C

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 a0
f1 (pmm)

T
210

S18



3e

DTFF-31F
DTFP-31F

1954

. E,O\/\/
o T

T T T T T T T T T T T T T
130 1o 90 80 T0 60 60 40 30 20 10 O -10 =30

2013-08-04-02eqPdCI2-2eqAg20-HP{O}ONBU)2 #9368 RT: 1109 AV 1
T. + c Fullms [ 50.00-600.00]

o)
7

95

90

85

80

75

70

65

60

55

50

45

Relative Abundance

40
35
30
25 155615

20

9124

o

T
-50 -0 -80
1 (ppm)

NL: 1.01E8
173.01

187.00

198.94 211.01
[

T T
=110

T
-130

T T T T T T T T T T
-150 =170 -180 =210 =230

E,O\/\/
: : : NN

22887

) \ 201

28491
00 25489 26997 : 30177
T T

1
180 200

miz

S19

T
240 280 280 300



3f

000 —

260
26°0
€6°0

&P

1671
€6}
6L
96}
86}

or'e

cL'e
€L'¢
VL€
7
9L'¢
L€
6L°€
08¢
18'¢
[4:3)
€8'¢
€8'¢
8'€
98'¢

oL
LZ°L
8T’ L
8T’ L
62°L
19°L
69°L
0L°L
cLL

PMDIB
PMDIB

—

/f

L

[

EH0 21

Froz

E-o0°€

M\ 90°%

Foiz
Feet

0

5

3.0 2.5 2.0 1.

5.5

6.0

7.0 6.5

7.5

8.0

9.0 8.5

9.5

12. 11. 10.

13.

(ppm)

f1

¥8'81
§8'8l
vLle
mn._,NV
€2'6C
mm.@mv.

68LL
S6'LL
¥8'9L
o_\.\kW
8y’ LL

yL'velL
mo.mNF%
8L'6ClL \
€'6CL
88'LEL
86'LEL
88yl
Fm.Ni >

PMDIB-13C
PMDIB-13C

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

520



3f

PMDIB-31P
PMDIB-31P

19.24

T
130

110

T T T T T T T T T
90 80 70 60 50

40 30 20 10 O

T T T T T
-50 -70
f1 (ppm)

T T T T T
-30 -90 -110 -130 -150

2013-11-27-4-Me-Ph-PO)OIBU)2_131129174651 #6931 RT. 10.54 AV 1 NL 1.72E7
T + cFullms [ 50.00-800.00]

@ @ b I o) o] w [ ]
=] [ (=] =] el (=] m(ID

w
&

= — ) [T O] w L I
o (=] o (0] g O &) (=] [

Relative Abundance
on
[
b T T Db T e Db Db T b T b T T T e

fan)

57

173

155

a1

229
174

131 146
156 185 2

T T
-170

T
-190

T
-210

T
-230

285

i)
60

65 92
go 77 e
R

05 137

|08 119 ‘ |

\“\ T |'|“| T
120

|57 1s2 ],

195 209 |
: e
180

200

227|230
Al
e aaai

T t T
80 100 160

140 220

méz

S21

241
-
240

T
260

269
T

T
230

293
T



3h

000 —

8FE
8s'e

65°€
65°¢
09°€
09°
19°€
oLy
Wy
oy
8Ly
6Ly
ozy

e

SCL
1L
LeL
8C'L
0L°L
cLL
€L,
SL°L

) =

PMDMOE
PMDMOE

=009
=0¥

=0.¢C
=+0C

owém
_.w._‘Nv

£0'65
88'v9~"
€659
€9LL
0LLL
89,
oLl
8v1s/

09°€Cl
2¢s'sel M
€e'6el \
8€6C)
0'zel
v1°zZel

NN.mvr
scevl >

PMDMOE-13C
PMDMOE-13C

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

210

S22



3h

PMDMOE-31P
PMDMOE-31P

20.52

T
130

T T T T T
110 90 80

T
60

T T
70 50

40 30 20

T T T T T
10 0

T
=30

T T T
=50
f1 (ppm)

-70

T
-90

T T
-110

2013-11-22-4-Me-Ph-P{O)OCHZCH20Me)2-purified 131127223807 #7753 RT. 11.29 AV 1 MNL: 5B2E6

T +cFul

@ @ b I o) o] w [ ]
=] [ (=] =] el (=] m(ID

w
&

= — ) [T O] w L I
o (=] o (0] g O &) (=] [

Relative Abundance
on
[
b e T DT T e Db Db T b T b T T T e

fan)

ms [ 50.00-600.00]

91

59
108

93 105

58

TP
\O/\“’O“

18

134 137

155

173

172
169

174

201

187
200

e ] 22

213

214

T T
-130 -230

231

232

226

245 25 289

297

5|
‘

85
JET
b pes

89
ol I |95 Ll
T

rér
60 g0 100

Il
V]
120

M
et
140

160

156
T

T
180

méz

S23

183
I Vel

200

min
T
22

.
L, 269 236 7
b

e
260 280

| 243 |
T

;h| |
0 240



oo0—

e

e+

FE'L

S0y
Elil
a0t
E0

607
0Ly
:..q./T
tlv4

el
Flry
Sl
a7

FINe
8L
672
L
5t /1
Ela
2724
ar i
G
£9 2
(EA
55/

95 2
154
154
B4
ET
182
1872
78L
£g)
g 2]
EE]

TEFherl
TEFP

JJ’\I

0.0 -0.5

0.5

1.0

65 60 55 50 45 40 35 3.0 2.5 2.0
1 (ppm)

T.0

1.5 10.5 8.0 &8

12.5

hm.m_.
€v'9l >

N—.Nm
mF.wwv

¥8'9L
w_‘NNW
wv.mm

vS'LelL
S¥'8clL
65°8Z1
Ly'6el ~&

LLLEL
18°1€L
Lyeel

vvzel

DEPhenP-13C
DEPP-13C

-10

20 10

30

60 50

70

90 80

100
1 (ppm)

110
S24

120

130

200 190 180 170 160 150 140

210




3i

DEPhenP-31P
DEPP-31P

18.78

T T T T T T T T
50 40 30 20 10 O

T T T T T
-50 -70
f1 (ppm)

T T
60 -30

2013-12-09-Ph-P(ONCEL2 4473 RT: 842 AV: 1 NL 662ES
T + cFullms [ 50.00-800.00]

o
T

[e]
o

w
(=]

o]
el

o)
=]

~
3

~
=

@
[

@
=]

w
&

piy
[

i
(=]

51

w
&)

w
o)

s
a

)
(0]

o

(=]

o

52

Relative Abundance
on
[
ol e T D e e Db Db T b T b T T T e

fan)

65
_66

94

i

78

105
141

104

132
142

79

95
95

Ed

"l

T T
-90

158

159

T
-110

163

T T
-130

e

185

T T T T T
-150 -170 -190 -210 -230

wox/
o

186
213

215

187

|52 84
|‘ ; 1

60

o |
\: il

100

S25

| 1&_“171
T \l |I T

182 ‘ 193
T T
180

205
|
T

200 220



00'0—

el
€€’ _W
el

or'z—
Y0¥
S0
90'¥ 1
107
60'
0L
0Ly
[\
2Lv ]
PIRE
[5E
(R
GL'y
9Ly
11
8Ly

0g°L
e L
€L
9€°L
9e"L
1871
95°L
1871
8G°L
09°L
19°L
€9°L
99°L

DEMTP
DEMTP

-0.5 -1.

0.0

0.5

.0

.5

(opm)

£l

8.5 8.0

9.0

10.0 9.5

O~
\o /\

5

[e]
I}
11.5 11.0 10.

12.0

12.5

Nm.mr
eVl >
Lee—

mo.wm
_‘_\va

¥8'9L
oL’LL W
w*.nn

oc'lLel
9€'8¢C1
25'8¢21
6.°8C1
68'8C1
zL'6el
oe'zel
ov.Nm—H/
12eel
veeel 7
92'8€L
_.v.wm_. >

DEMTP-13C
DEMTP-13C

10

|t
20

30

40

70

S26

120 110 100 90 80
1 (ppm)

130

140

150

160



3j

DEMTP-31P
DEMTP-31P

19.28

T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 =50 -70 -90
f1 (ppm)

T T T T T T T
-110 -130 -150 -170 -190 -210 -230

2013-12-10-3-Me-Ph-PIO)OEN2 #5332 RT. 9.01 AV 1 ML: 8.26E6
T + cFullms [ 50.00-800.00]
172

o
T

[e]
o

w
(=]

o]
el

91

o)
=]

~
3

~
=

@
[

@
=]

w
&

piy
[

92

i
(=]

w
&)

155

w
o)

18

s
a

156
173

)
(0]

228
65 200

o

108
199
a9 18 : 71

146 || 229
183 201

|\|I|.1--86 202 213 236 )| 250 248
e e e e B

(=]

6 . 3 M7 (120 187 157 171
51 - 79 107 | 109 ||| 1
A A O 4 ‘!'1‘%1 bl Al

T
60 80 100 120 140 160 180 200 220 240
méz

o

Relative Abundance
on
[
b e T Tt T e Db Db T e T b T T T e

o
o
I

S27



3k

000 —

el
mm.—W
se'l

85°C

mm.Nv
0y
S0V
07
L0y
80V
oL’y
oL’y
[4%4
194
1404
9L’y
L'y
6LV
1
9L
L
8CL
62,
Wl
Wl
Wil
€L
€L
SvL
88,
68°L
06°L
1672
26°L
6L
v6°L
6L

e e N P e LIy

DEOTP
DEOTP

///

O
\o/\

o

T
10.5

11.0

11.

0.0 -0.5 -1.

0.5

.0

“(ppm)

f1

9.0

5

10.0 9.

5

12.0
DEOTP-13C
DEOTP-13C

8¢9}
oL >
6C'le
Nm.FNv

Nm.—m
wmlwv

¥8'9L
oL’LL W
wﬁ.nn

10

20

30

40

60

70

S28

f1 (ppm)

140 130 120 110 100 90 80

150




3k

DEOTP-31P
DEOTP-31P

19.44

T T
130

T
110

T
90

T
80

T T T T
70 60

50 40 30 20

T T T T T
10 0

T T
-30

2013-12-10-2-Me-Ph-PIO)OEUZ2 #5313 RT: 8.81 AV 1 ML 1.85E5
T + cFullms [ 50.00-800.00]

w @ @ b I o) o] w [ ]
& =] [ (=] =] el (=] m(ID

piy
[

Relative Abundance

5 — [ [ o w I w
o o o] 231 e a (=} o}
e b s D b b bea s By e s e B s D s s B s L

o

91

fan)

62

52 62

65

65

91

&9

92
73

77 EX

50
L

94 g7

a
H/O\/
o

as

119

118

137,

105 105 | 120
126 138
0

| ‘ 11
i

T
-50
f1 (ppm)

138

140
I

-70

1

153

149

54

155

156

T
-90

163

T
-110

172

173

171
167

T T T
-130 -150 -170

185

200

199

T T T
-190 -210 -230

213

228

297

214
229

215 234

60

75
H M

B
30

T
100

s
120

I
i
140

méz

S29

160

[219 :
e ‘

1
220 240



31

00'0-—

L€l
[40)
€e’l
el

Yo'y
90'v
80V
oLy
Ly
€Ly
14
SL'y
JAR4

0eL
Ly'L
8y,
67,
05°L
VLL-F
vLL
SL°L
LLL

PTBPP
PTBPP

—

=0'GlL

F ooy,

=002

Fe61

-1.0

0.0

11.

12.5

1 (ppm)

wm.ov
cvol >

eLle~
L0°6e
No.mmv

16719
2029 De

¥8'9L
9L’LL W
w*.nn

Lvel
mv.mNFW
85°GCl
00'9¢1
99°LEL
9L°LEL

mw,mm_\
26'SS1 >

PTBPP-13C
PTBPP-13C

10

20

30

40

70

80

110

T
120

130

140

T
150

T
160

170

T
180

T
190

1 (ppm)

S30



31

PTBPP-31P
PTBPP-31P

19.44

T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 =50 -70 -90
f1 (ppm)

T T T T T T T
-110 -130 -150 -170 -190 -210 -230

2013-12-08-4-Bu-Ph-P(O)OEN2 #5675 RT. 1034 AV 1 ML 214E7
T + cFullms [ 50.00-800.00]
255

o
T

[e]
o

w
(=]

227

o]
el

o)
=]

~
3

~
=

@
[

@
=]

w
&

piy
[

189

i
(=]

w
&)

w
o)

s
a

214

)
(0]

256
242 E 270

o

8 137 228

(=]

181
109 119 197 | 290 269 | 271

o

Relative Abundance
on
[
b e T Dt T e Db Db T b T b T T T e

fan)

183 215
T “”'\ 2T ras e 1B |aes ||| 21890 | 241240 257 H272
W i el min bbbt 11 I e |1 | |
L ) AR ni2d oty A4S Riad el o o Lot A0 s RAd 2 R it o o el akid et pid s s Torth ey + TS

T T
60 20 100 120 140 160 180 200 220 240 260 280
méz

S31



3m

00'0-—

0l
el
el

’

0ce—

€0y
€0y
(4
S0y
L0v
60
60'v
L'y
Ly
14
1404

0g’L
L9°L
0LL
LLL
€L,
SLL
9L°L
LLL
8L,

6 —

PAMPP

PAMPP

Foov

0cC
0C

10

12

L9l
8€°9L >

s ve—

mw.ww
vm.mwv.

¥8'9L
9l’LL W
8¥'LL

mm.m:
17’6l FW
§6°0C1
18'2el v
99°zel
mm.mm_\ >

v6'2vl —

0,691 —

PAMPP-13C
PAMPP-13C

-10

10

20

200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

210

S32



3m

PAMPP-31P
PAMPP-31P

18.88

T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 =50 -70 -90
f1 (ppm)

T T T T T T T
-110 -130 -150 -170 -190 -210 -230

2013-12-06-4- AcNH-Ph-P{C)(OEL) 2-after- EA-CHCI3 #391 RT. 1242 AV 1 NL 1.10E6
T + cFullms [ 50.00-800.00]
201

o
T

[e]
o

w
(=]

243

o]
el

o)
=]

~
3

~
=

173

@
[

@
=]

w
&

2

piy
[

i
(=]

229

w
&)

w
o)

s
a

93

)
(0]

215

o

120

198 | 202 244

108 174 | 226 | 230

i SI? g%i\ \94 i 119.I \'121 ﬁﬁi_139 ‘\ \1?8 ‘ 18-2186196. il 221151-\ I';16 M i, I’2'45 | 27'0'\ 213 285

B0 a0 100 120 140 0 180 00 220 20 360 80
méz

(=]

272

o

Relative Abundance
on
[
sl T T Db T e Db Db T b T b T T T e

=7}
lag
Lo
[l

-

fan)

S33



3n

000 —

o€l
Nm._\w
€e’l

§8'¢
00y
[40h4
o'y
S0y
90'v
80V
60'v
Ly
€Ly
1494
o'y
yAR4

96'9
96'9
869
86'9
0e'L—
cLL
SL'L
9L°L
8L,

PMOPP
PMOPP

/]
|

Rt

mm.ov
vol >

8€°6G —
€6°L9
wm._‘wV

¥8'9L
9l’LL W
8v'LL

wm.m:
PepLL
29'8LL —
9g°0zL "

mm.mm_.
88'¢El >

ww.wmr
16'291L >

PMOPP-13C
PMOPP-13C

10

0

100 90 80 70 60 50 40 30 20
f1 (ppm)

110

120

200 190 180 170 160 150 140

210

S34



3n

PMOPP-31P
PMOPP-31P

19.70

T
130 110 90 80

T T
70 60 50 40 30 20 10

T T T T T
-50 -70
f1 (ppm)

T
-30

2013-12-06-4-MeQO-Ph-P(O)(OEN2 #5633 RT: 10.02 AV: 1 MNL: 9.19E6

T + cFullms [ 50.00-800.00]

o w @ @ b I o) o] w [ ]
o] & =] [ (=] =] el (=] m(ID

piy
[

Relative Abundance
— ] [ (%) [4%5) L
h () w o w [

(=]

77 78

o

fan)

83 g5 ‘79

108

135

124

171

70

194
Lt

136 173
|

T
-90

T T T T T
-110 -130 -190 -210 -230

188

216

244

i 245
243

1
L
T

60

68
II T II

80

104
[ 92 g5 = ‘
(L8 Lo
 ARE) Lo naca maned hadad et bt it

134
I
\

100 120

‘ 169 |||
H T

140

T ity
160

méz

180

S35

215 -
||190.M‘202 ‘ 220 76 259 289
T T T T e R T S S S e et
200 270 240 260



30

6L°L

98,

PFPP
PFPP

oL
0591 De

1€°29
wm,mwv

v8'9L
o’LL
8V’ LL

LLGLL
€6'GL1
86°GLL
pradt

99'6Z) \-

or'veL
8y'veElL
LSvEL
09'vEL

YTyl —
9L°991 —

PFPP-13C
PFPP-13C

30 20 10 0 10

40

130 120 110 100 90 80 70 60
f1 (ppm)

140

200 190 180 170 160

210

S36



30

PFPP-31P
PFPP-31P

17.81

T
130

T T T
110 90

T T T
80 70 60

T
50

40 30 20

10 0

T
-30

T T
-50
f1 (ppm)

T
-70

2013-12-04-4-F-Ph-P{ONOEN2-2_131204164230#445 RT: 817 AV 1 NL: 514E5
T + cFullms [ 50.00-800.00]

Relative Abundance

— — [ [} &) 48] I Inoon o] o2} @ ] -~ o [ea) w <o} =
[} o o o o] 231 e a (=} (S ) a = a =) o =] o st a [
s b s D b b Bes e D e s e B s D b s B s L |

51

65

74
59

75

95

95

83 9

8}
-

112

123

122

\'/O\/

159

T
-90

176

T
-110

187
184

188

189
|

T
-130

T T T T
-150 -170

204

203

T
-190

T T
-210 -230

232

231

1| 205

212

60

“H lLgs
i
80

3
i

S37

180

200

|213 225
N ——
220

233
[234 247 255
240



3p

000

L€l
el
el

SOy
L0V
L0V
L0
60V
60V
60
Ly
494
1424
SL'y
9y
o'y
14
8C'L
'L
S¥'L
oL
Ly'L
cLL
SLL
9L°L
8L,

PCDE
PCDE

’

Fooy

10

13

14

15

1 (ppm)

o9l
Elacls De

mm.Nw
S\N@V.

¥8'9L
oL’LL W
w*.nn

819zl
wo.mN_\%
18'821 >
€0'6Cl
9z'eel
9€°eeL
€0'6EL
L0'6€EL

PCDE-13C
PCDE-13C

30 20

40

80

150 140 130 120 110 100 90
f1 (ppm)

160

200 190 180

210

S38



3p

PCDE-31P
PCDE-31P

17.60

T T T T T
110 90 80

T T T
130 70 60

T T
50

40 30 20

T T T T T T
10 0

T T T
-50
f1 (ppm)

T
-30

2013-12-04-4-CHPh-P{O)OEL2 #565 RT. 937 AV 1 MNL: 6.0BES

T + cFullms [ 50.00-800.00]

w @ @ b I o) o] w [ ]
& =] [ (=] =] el (=] m(ID

piy
[

Relative Abundance

[} &) 48] I o
231 e a (=} o}
s e s D b b s s By s s e B s e s s B evia L

)
(0]

75

o

(=]

[

51 65

o

81 92_?|3

fan)

103
.

00
cl B
\O/\

139
128

112

11 B2 g

114

158 1
|

66

T
-70 -90

175

176

177
178

185

T T T T
-110 -130 -150 -170

192

194

220
213

221

B 208
‘ ‘ 205 ‘
s

T T T
-190 -210 -230

248

247 | 249

5563“
R

60

T4
A

Tt
a0

1
100

el e
freesf bt e

160
méz

120 140

S39

180

‘223
I"|I

220

200

233 239
e
240

>
| —

269
T
260



3q

000-—

€0y
SOy
L0Y
60'Y
60'v
L'y
Ly
1424
14
104
oc'y

62°L
09,
19°L
9L
€9°L
S9°L
L9°L
69°L
LLL

PBPP
PBPP

8€°9L
SS9l De

mm.mw
0¥'z9 De

¥8'9L
ol’LL W
ww.nn

99'921
19221
§9°/21

G682 —
181l

96°LEL 7
veeel

sveel

PBPP-13C
PBPP-13C

10

0

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

210

5S40



3q

PBPP-31P
PBPP-31P

17.73

T
130 110 90 80

T
70

T
60

T T T T T
50 40 30 20

10 0 -

T T T T T
-50 -70
f1 (ppm)

T T
-30 -90

2013-12-04-4-Br-Ph-P{O)OED2-Plot2 #5630 RT: 993 AV: 1 ML 2.75E6

T + cFullms [ 50.00-800.00]

o
T

[e]
o

w
(=]

o]
el

o)
=]

~
3

~
=

@
[

@
=]

w
&

piy
[

i
(=]

w
&)

w
o)

s
a

)
(0]

o

77

(=]

7%
55

o

Relative Abundance
on
[
sl e T Dt T e T b Db T b T b T T T e

51
|

‘81
L1

fan)

93

104

20~
Br F‘\O ey

139

140
b

212 221

185

172 222

182
156

210

159 | ‘ 186
i |

T
-110

T T T T T
-130 -150 -170 -190 -210

236

238

266

239 294

249 263 291

T
-230

‘7.4.
A |
T

60

80

92‘|103_
— I|

100

‘,7.05 123 139
e

120

Thb
140

160

A
1
220

200

180
méz

S41

7
295
| 288 QSSH\"
s B B

T
280 300

]

240 260

320



3r

000 —
el
wm._.W
8L

oL’y
L'y
494
14
SL'y
L'y
4
244
a4
€y
I
STy

Ye'L—
00'8
208
€08
S0'8
0€'8
1€'8
€€'8
€€'8

PNPP-2
PNPP-2

100C
Fooz

0.0 -0.5

1.0 0.5

1.5

4.0 3.5 3.0 2.0

5.0 4.5

5.5

12.5 11.5 10.5

13.5

1 (ppm)

g9l _
o

vn.mw
08'29 De

¥8'9L
m_\tw _—
w«.k

NN,mN_\
creet >

&.NQ
No.mQW
ve el -
og'oel

nm.oﬁ \
oz 051~ =

PNPP-2-13C
PNPP-2-13C

10

30

50

70

T
90

100

110

T
120

130

140

150

T
160

f1 (ppm)

542



3r

PNPP-2-31P
PNPP-2-31P

14.86

T T T T T T T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 =50 -70 -90
f1 (ppm)

T T T T T T T
-110 -130 -150 -170 -190 -210 -230

2013-12-06-4-NO2-Ph-P(O)OEN2 #5680 RT. 1050 AV: 1 ML 6.20E4
T. + cFullms [ 50.00-800.00]
204

o
T

[e]
o

w
(=]

o]
el

o)
=]

90\/
e
7l P

~
3

~
=

@
[

@
=]

w
&

242

piy
[

186

i
(=]

w
&)

232

w
o)

214

s
a

187

)
(0]

133

o

103 qpg 123 151
I 149 215 49 243 258

139 207 205

93 156 188
121 | 124 .
81 92 | 185 213 229 || 223 || 244
\‘.]8»4‘”‘\“94‘ .‘|;m‘}w“ \I\HI Iy ! =|||\‘ 197 0 T \‘ i \‘IH‘ ‘ , |'2"'59 2.'69

al TP 1P P | L AT e
80 100 120 140 160 180 200 220 240 260
méz

(=]

77

o

65
51 p4| T8
2,7
T T
60

Relative Abundance
on
[
sl e T Db T e Db Db T b T b T T T e

-

fan)

| T
t Ll ko

S43



3s

00°0-—

zeL
vm.rw
9L

8071
607
0Ly
Ly
[4%a
M8
vL
PLY
SL'y ]
9Ly
11
8Ly
617
0z
1zv
[l

LT,
cLL
€L°L
vLlL
SLL
2°6°L
6L
96°L
86°L

PTFMPP
PTFMPP

Hooy

=10
=00 | ®

1 (ppm)

m*.wv
6¥°91L >

ow.wm
99'29 >

¥8'9L
oL’LL W
w*.nn

€e'eel
0'5ClL
Le'sel
se'sel
6€°5C1
ev'sel
9Y'selL
05°52l
v5'6CL
8G°G¢ClL
L0ZEL
_‘m.Nm_\W
Lyeel
z6°eel
L0vEL
YOvEL
YevEL
LEVEL

PTEMPP-13C
PTFMPP-13C

10

T
20

30

40

50

70

T
90

110

T
120

130

150

T
160

1 (ppm)

S44



3s

PTFMPP-31P
PTFMPP-31P

16.26

T T T T
60 50 40 30 20 10 0 -10 -20 =30 -40 -50 -60
f1 (ppm)

2013-12-08-4-CF3-Ph-P(O)OEN2-purify-1 #425 RT 800 AV: 1 NL 4.35E6

T: + c Fullms [ 50 00-600.00]

100

95

90

85

80

75

70

65

60

55

50

45

Relative Abundance

40
35
30
25
20

3t

S45



000—

€L
vm.rvw
%€’

80y
oLy
Wy
zy
€Ly
vy
9Ly
8Ly
6Ly
0z'y
12y
@y
€y
2Ly
'Ly
95°L
95°L
95°L

85 L—f —_—

852
09°2
0924
292
292
[N
TR
9,2
12
1271
100
6LL
6LL
181
68'L
16°L
26,
€6'L
G6'L
[aat]

|

9’8

NPYP
NPYP

L

ad

=

H\wmu_‘

.60

»Mm.o

gl
Rego

15

16

£1 (ppm)

Nv.m_\
6¥°91 >

mN.Nw
6229 >

¥8'9L
wr.nmw
8¥'LL

65'72) 4
Sv'9zL o
6v°921
65'92
96'921
16°921 o
06°22L |
16221 ¢
ve'8zl —F
6£'821 /
£5°821 4
20621
9€°ZEL
25zl
60'v€L -
61 7€l
20°G€L
oL'gel 4

7
oo
[
ZZ

10

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

1 (ppm)

3t

S46



NPYP-31P
NPYP-31P

19.08

T T T T
130 110 90 80 70 60 50 40 30 20 10 0 -10 =30 =50 =70 =90 -110 -130 -150 -170 -190 210 -230
f1 (ppm)

2013-12-08-2-Naph-Ph-P(O}OEG2 #7397 RT. 1152 AV: 1 ML 7.95E6
T+ cFullms [ 50.00-600.00]

1005 236

i 208
503

85 g B 264

803 o

75
703

e

o2}
=1
il

o
3l

128

Lo
a

Relative Abundance
(9]
()

I
(=]

165

o
3l

w
=]

190

197

209 237
154 & 265

15
129 943 |18 21520 235

153 173 s 2os| 2™

W57 Ll M 277 265

T T T T T

141‘| 222 ‘ pe 2 266
i I
AL T T T T

[

= b pmn SAES e T t T AR EELES S Shins LEAAC S Tt
60 80 100 120 140 160 180 200 220 240 260 280
miz

S47



