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1. TCE PCB/Phenol sulfate diesters
1.1. Sulfuric acid 4-bromo-2-chlorophenyl 2,2,2-trichloroethyl ester (2a)

White solid; mp: 58-60 °C'H NMR (400 MHz, CDCJ): 8/ppm 4.92 (s, 2H, B,), 7.39
(dd, 1H,J=8.8 Hz,J = 0.4 Hz), 7.46 (dd, 1Hl = 8.8 Hz,J = 2.3 Hz), 7.65 (dd, 1H]l = 2.3 Hz,
J = 0.4 Hz)"*C NMR (100 MHz, CDG)): 8/ppm 80.8 CH,), 92.2 CCls), 121.3, 124.0QH),
127.9, 131.4 CH), 133.7 CH), 145.1 Ca-0SQ). IR (film): 3092, 3019, 2966, 1472, 1424,
1187, 1001, 886 crh EI-MS m/z (relative intensity, %): 416 (9gd:BrCl,0,S™), 286 (8), 206

(80), 177 (22), 131 (11), 63 (20).

1.2. Sulfuric acid 2,6-dichlorophenyl 2,2,2-trichloroethyl ester (2b)

White solid; mp: 50-51 °C*H NMR (400 MHz, CDCJ): 8/ppm 5.03 (s, 2H, B,), 7.21
(dd, 1H,J = 7.7 Hz,J = 8.6 Hz), 7.39 (d, 2H] ~ 8.6 Hz).**C NMR (100 MHz, CDGJ): 8/ppm
80.8 (CH,), 92.4 CCls), 128.8 CH), 129.5 (2xCH and 2xC), 143.4 Ca-0SQy). IR (film): 3085,
3017, 2964, 1442, 1423, 1203, 1005, 882'cEl-MS m/z (relative intensity, %): 372 (9,

CaHsCls04S™), 162 (100), 131 (12), 73 (13), 63 (17).

1.3. Sulfuric acid biphenyl-4-yl 2,2,2-trichloroethyl ester (8a)

White solid; mp: 89-90 °C*H NMR (400 MHz, CDCJ): 8/ppm 4.86 (s, 2H, B,), 7.37
(m, 1H,J ~ 7.7 Hz), 7.41 (AA"XX" system, 2H),~ 8.0 Hz), 7.45 (AA"XX" system, 2H,~ 8.0
Hz), 7.54 (AA"XX " system, 2HJ) ~ 8.0 Hz), 7.62 (AA"XX  system, 2H,~ 8.0 Hz)."*C NMR
(100 MHz, CDC}): 8/ppm 80.5 CH,), 92.5 CCls), 121.3 (2:CH), 127.2 (2CH), 127.9 CH),

128.8 (2CH), 129.0 (2CH), 139.6, 141.2, 149.6C4-0SQy). IR (film): 3077, 2969, 1414,
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1204, 1091, 989, 869, 845, 794 TmEI-MS m/z (relative intensity, %): 380 (25,

C1H11Cl04S™), 250 (15), 169 (100), 139 (14), 115 (50).

1.4. Sulfuric acid 4" -chloro-biphenyl-3-yl 2,2,2-trichloroethyl ester (8c)

White solid; mp: 79-80 °C*H NMR (400 MHz, CDCY): 5/ppm 4.85 (s, 2H, B,), 7.34
(ddd, 1H,J = 1.5 Hz,J = 2.5 Hz,J = 7.8 Hz), 7.42 (AA'XX  system, 2H] ~ 8.7 Hz), 7.49
(AA' XX  system, 2H,J ~ 8.7 Hz), 7.48-7.54 (m, 3H)*C NMR (100 MHz, CDGJ): 8/ppm 80.4
(CHy), 92.3 CCls), 119.6 CH), 119.9 CH), 126.4 CH), 128.4 (2XCH), 129.2 (2XH), 130.5
(CH), 134.5, 137.7, 142.5, 150.84-0S0Q). IR (film): 3077, 3063, 3022, 2975, 1418, 1197,
991 cm'. EI-MS m/z (relative intensity, %): 414 (25;48.,Cl.0,S™), 284 (20), 217 (10), 204

(100), 175 (35), 149 (15), 139 (30).

1.5. Sulfuric acid 4" -chloro-biphenyl-2-yl 2,2,2-trichloroethyl ester (8d)

White solid; mp: 70-71 °C*H NMR (400 MHz, CDCJ): 8/ppm 4.22 (s, 2H, B,), 7.41-
7.47 (m, 7H), 7.56 (ddd, 1H,= 0.9 Hz,J = 1.2 Hz,J = 7.5 Hz). **C NMR (100 MHz, CDGJ):
Slppm 79.9 CH.), 92.3 CCly), 122.1 CH), 128.1 CH), 128.9 (2)CH), 129.5 CH), 130.8
(2xCH), 131.5 CH), 133.9, 134.6, 134.7, 147.G4-0SQy). IR (film): 3070, 3031, 2960, 1474,
1423, 1208, 1159, 1090, 1009, 884, 835'ci&El-MS m/z (relative intensity, %): 414 (29,

C1H10Cl404S™), 284 (15), 203 (50), 168 (100), 139 (30).

1.6. Sulfuric acid 2°,5-dichloro-biphenyl-4-yl 2,2,2-trichloroethyl ester (8e)

White solid; mp: 89-90 °C*H NMR (400 MHz, CDCJ): &/ppm 4.85 (s, 2H, B,), 7.28

(dd, 1H,J = 2.4 Hz,J = 8.5 Hz), 7.32 (d, 1HJ = 2.4 Hz), 7.40 (d, 1H) = 8.5 Hz), 7.43
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(AA' XX  system, 2H,J ~ 8.9 Hz), 7.48 (AA'XX" system, 2H,~ 8.9 Hz).*C NMR (100 MHz,
CDCly): 8/ppm 80.5 CH,), 92.4 CCls), 120.9 (2:€H), 129.1 CH), 130.8, 131.0QH), 131.1
(2xCH), 131.2 CH), 132.9, 137.9, 140.3, 149.64-0SQ). IR (film): 3075, 3010, 2954, 1459,
1423, 1213, 1181, 1149, 1098, 1026, 1005, 889.dhMS m/z (relative intensity, %): 448 (25,

C1HoCls04S™), 318 (35), 238 (100), 209 (35), 183 (16), 173 (20), 149 (17), 139 (35).

1.7. Sulfuric acid 2,4-dichloro-biphenyl-4-yl 2,2,2-trichloroethyl ester (8f)

Viscous liquid;*H NMR (400 MHz, CDGCY): 8/ppm 4.88 (s, 2H, B,), 7.32-7.42 (m,
6H), 7.51 (d, 1HJ = 2.5 Hz).**C NMR (100 MHz, CDGJ): 8/ppm 80.6 CH.), 92.3 CCls),
119.7 CH), 122.9 CH), 128.5 (2xcH), 130.6 (2xCH), 132.2 CH), 133.7, 134.5, 136.2, 139.3,
149.3 Ca-0SQ). IR (film): 3094, 2958, 1587, 1475, 1423, 1215, 1171, 1003. &h
MS m/z (relative intensity, %): 448 (30;4£1,Cls0,S™), 318 (36), 251 (12), 238 (100), 209 (38),

173 (18), 139 (45).

1.8. Sulfuric acid 3",4-dichloro-biphenyl-4-yl 2,2,2-trichloroethyl ester (89)

White solid; mp: 84-85 °C*H NMR (400 MHz, CDCJ): 8/ppm 4.87 (s, 2H, B,), 7.38
(dm, 1H,J ~ 9.0 Hz), 7.45 (AA'XX" system, 2H] ~ 8.5 Hz), 7.52 (d, 1H] ~ 8.4 Hz), 7.59
(AA'XX" system, 2H,J ~ 8.6 Hz), 7.64 (m, 1H)*C NMR (100 MHz, CDG)): 8/ppm 80.5
(CHy), 92.4 CCly), 121.7 (2)CH), 126.3 CH), 128.7 (2)CH), 129.0 CH), 130.9 CH), 132.3,
133.2, 138.7, 139.5, 150.€C4-0S0). IR (film): 3070, 3007, 2955, 1478, 1417, 1375, 1217,
1141, 1087, 1013, 901, 881 ¢mEI-MS m/z (relative intensity, %): 448 (23,48Cls0,S™),

318 (30), 238 (100), 209 (47), 183 (15), 173 (16), 139 (40).
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1.9. Sulfuric acid 2,3",4-trichloro-biphenyl-4-yl 2,2,2-trichloroethyl ester (8h)

Viscous liquid;'H NMR (400 MHz, CDGJ): 8/ppm 4.90 (s, 2H, B,), 7.26 (dd, 1H, =
2.3 Hz,J = 8.4 Hz), 7.36 (dd, 1H] = 2.3 Hz,J = 8.6 Hz), 7.39 (dd, 1H] = 0.4 Hz,J = 8.6 Hz),
7.50-7.50 (m, 3H)*C NMR (100 MHz, CDG)): 8/[ppm 80.5 CH,), 92.1 CCls), 119.8 CH),
122.9 CH), 128.7 CH), 130.2 CH), 131.1 CH), 132.1 CH), 132.4, 132.5, 133.5, 137.5, 137.9,
149.3 Ca-OSQ). IR (film): 2954, 2919, 1458, 1429, 1212, 1177, 1000, 919. dE@+MS m/z

(relative intensity, %): 482 (15,16HsCls04S™), 352 (31), 272 (100), 243 (33), 173 (47).

1.10. Sulfuric acid 2,3,5 -trichloro-biphenyl-4-yl 2,2,2-trichloroethyl ester (8i)

Viscous liquid;*H NMR (400 MHz, CDCY): 8/ppm 5.00 (s, 2H, B,), 7.29-7.32 (m,
2H), 7.40 (dd, 1HJ = 2.2 Hz,J = 8.4 Hz), 7.41 (d, 1H, J ~ 9.0 Hz), 7.56 (d, JH; 2.2 Hz),
7.61 (d, 1H,J ~ 8.4 Hz).*C NMR (100 MHz, CDG)): 8/ppm 80.6 CH.), 92.1 CCl3), 122.5
(CH), 126.4, 129.3QH), 129.5 CH), 130.6, 130.8QH), 131.2 CH), 131.8 CH), 132.9, 138.8,
138.9, 1454 Qar-0S0G). IR (film): 3072, 3024, 2961, 1460, 1424, 1218, 1190, 1002, 886
cm™. EI-MS m/z (relative intensity, %): 482 (23;85Cls0,S™), 352 (12), 272 (100), 243 (30),

173 (42).

1.11. Sulfuric acid 2,3,4 -trichloro-biphenyl-4-yl 2,2,2-trichloroethyl ester (8j)

White solid; mp: 38-40 °C*H NMR (400 MHz, CDCJ): 8/ppm 4.98 (s, 2H, B,), 7.25
(d, 1H,J = 8.5 Hz), 7.32 (dd, 1H] = 2.1 Hz,J = 8.5 Hz), 7.39 (dd, 1H] = 2.1 Hz,J = 8.5 Hz),
7.49 (d, 1HJ = 2.1 Hz), 7.55 (d, 1H] = 2.1 Hz), 7.60 (d, 1H] = 8.5 Hz).**C NMR (100 MHz,
CDCly): 8/ppm 80.6 CH.), 92.1 CCly), 122.5 CH), 126.3, 127.4QH), 129.3 CH), 129.9

(CH), 131.7 CH), 131.8 CH), 132.9, 134.8, 136.0, 138.9, 145G(0SQy). IR (film): 2966,
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2914, 1463, 1425, 1191, 1003 ¢nEI-MS m/z (relative intensity, %): 482 (15;485Cls0.S™),

272 (100), 243 (36), 173 (43).

1.12. Sulfuric acid 2,3,5,5-tretrachloro-biphenyl-4-yl 2,2,2-trichloroethyl ester (8k)

White solid; mp: 120-121 °CH NMR (400 MHz, CDC)): 8/ppm 5.07 (s, 2H, B)),
7.31-7.36 (m, 2H), 7.43 (m, 1H), 7.49 (m, 2C NMR (100 MHz, CDG)): 8/ppm 81.0 CH,),
92.4 (CCl3), 129.4, 130.0QH), 130.3 (2xcH), 130.7, 130.8QH), 131.4 CH), 133.2, 138.1,
139.1 (2xC), 143.2 Ca-OSQy). IR (film): 3096, 3018, 2967, 1454, 1425, 1196, 1010, 902, 873,
854 cm'. EI-MS m/z (relative intensity, %): 516 (13,48,Cl,0,S™), 305 (85), 279 (23), 207

(37). HRMS (EI): foundn/z 515.7855, calculated for (§4-(35)CF0,S™) 515.7885.

1.13. Sulfuric acid 2,3,4",5-tetrachloro-biphenyl-4-yl 2,2,2-trichloroethyl ester (8I)

White solid; mp: 94-95 °C*H NMR (400 MHz, CDCY): 8/ppm 5.05 (s, 2H, B,), 7.24
(d, 1H,J = 8.2 Hz), 7.34 (dd, 1H] = 2.0 Hz,J = 8.2 Hz), 7.46 (s, 2H), 7.52 (d, 1Bi= 2.0 Hz).
13C NMR (100 MHz, CDGJ): 8/ppm 81.0 CH,), 92.4 CCls), 127.6 CH), 129.3, 130.2GH),
130.4 (2xCH), 131.7 CH), 133.1, 135.2, 135.5, 139.3 @)% 143.0 Ca-OSQy). IR (film): 3066,
2971, 1450, 1199, 1009, 871, 841 tmEI-MS m/z (relative intensity, %): 516 (6,
C14H-,Cl;0,S™), 305 (82), 279 (20), 207 (30). HRMS (EI): foundz 515.7884, calculated for

(C14H7(35)CKO,S™) 515.7885.

2. PCB sulfate monoesters

2.1. Sulfuric acid mono-biphenyl-4-yl ester, ammonium salt (9a)
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White solid; mp: 250 °C (dec.JH NMR (400 MHz, CROD): &/ppm 7.30 (tm, 1H) =
7.5 Hz), 7.35-7.43 (m, 4H), 7.55-7.58 (m, 4HJC NMR (100 MHz, CROD): &/ppm 122.8
(2xCH), 127.9 (2€H), 128.2 CH), 128.7 (2€H), 129.8 (2:€H), 139.2, 141.2, 153.6C4-
0SQ). IR (KBr): 3194, 3076, 1237, 1071 E€mUV/Vis: Jgama(MeOH) = 252 nm,eoa =
1.50x1d L-mol*-cmi* (17ama{MeOH) = 260 nm.e7, = 3.08x10 L-molt-cmi). HRMS (ESI,

negative): [M-NH]™ found nVz249.0242, calculated for;@H0,4S 249.0222.

2.2. Sulfuric acid mono-(4"-chloro-biphenyl-3-yl) ester, ammonium salt (9¢)

White solid; mp: 250 °C (dec3H NMR (400 MHz, CROD): 8/ppm 7.28-7.31 (m, 1H),
7.39-7.41 (m, 2H), 7.42 (AA"XX" system, 2H,~ 8.8 Hz), 7.55-7.57 (m, 1H), 7.61 (AA"XX,
2H, J ~ 8.8 Hz).*C NMR (100 MHz, CROD): &/ppm 121.0 CH), 121.7 CH), 124.2 CH),
129.6 (2xCH), 129.9 (2€H), 130.7 CH), 134.7, 140.6, 142.4, 154.T4-0SQ). IR (KBr):
3231, 3084, 1251, 1212, 1066 tnUV/Vis: dgcma{MeOH) = 254 nmgge = 2.05x18 L-mor
Lem?® (A7emadMeOH) = 256 nmegze = 2.00x10 L-mol*.cnit). HRMS (ESI, negative): [M-Nk~

found myz282.9836, calculated for;@Hg(35)CIO,S 282.9832.

2.3. Sulfuric acid mono-(4"-chloro-biphenyl-2-yl) ester, ammonium salt (9d)

White solid; mp: 186-188 °CH NMR (400 MHz, CROD): &/ppm 7.21 (d“t”, 1H,J =
1.3 Hz, J= 7.6 Hz), 7.30-7.35 (m, 2H), 7.37 (AA"XX" system, 2H;8.8 Hz), 7.57 (AA"XX’
system, 2H, J 8.8 Hz), 7.71 (ddd, 1H,= 0.6 Hz, > 1.3 Hz, = 8.0 Hz).**C NMR (100 MHz,

CDsOD): 8/ppm 122.7 CH), 126.0 CH), 129.1 (2€H), 129.5 CH), 131.6 CH), 132.2
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(2xCH), 134.0, 134.4, 138.4, 151.L4-0SQ;). IR (KBr): 3180, 3072, 1254, 1046 &m
UVIVis: legmaMeOH) = 247 nmgog = 1.68x10 L-mol*-cmi* (A7g ma{MeOH) = 251 nmgzq =
1.50x1d L-mor*.cmi?). HRMS (ESI, negative): [M-NK~ found m/z 282.9825, calculated for

C12Hs(35)CIOsS 282.9832.

2.4. Sulfuric acid mono-(2°,5 -dichloro-biphenyl-4-yl) ester, ammonium salt (9¢e)

White solid; mp: 230 °C (dec.JH NMR (400 MHz, CROD): 8/ppm 7.33 (dd, 1HJ =
2.6 Hz,J = 8.6 Hz), 7.36 (dd, 1H] = 2.6 Hz,J = 0.4 Hz), 7.39 (m, 4H), 7.46 (dd, 1Bi= 0.4
Hz, J = 8.6 Hz)."*C NMR (100 MHz, CROD): 8/ppm 122.2 (2€H), 129.7 CH), 131.2
(2xCH), 132.1 CH andC), 132.3 CH), 133.9, 136.0, 143.0, 154.C4-0SQ,). IR (KBr): 3496,
3272, 1242, 1070, 1020 EmUV/Vis: lgemafMeOH) = 250 nmgge = 1.03x16 L-mort.cm?
(J7ema{MeOH) = 263 nmgze = 1.49x10 L-mol™*-cnit). HRMS (ESI, negative): [M-Nk~ found

m/z 316.9443, calculated for;@1,(35)ChO,S 316.9442.

2.5. Sulfuric acid mono-(2,4"-dichloro-biphenyl-4-yl) ester, ammonium salt (9f)

White solid; mp: 190-192 °CH NMR (400 MHz, CROD): 8/[ppm 7.30 (m, 2H), 7.34-
7.43 (m, 4H), 7.47 (dd, 1H,= 0.9 Hz,J = 1.7 Hz).**C NMR (100 MHz, CROD): 8/ppm 121.3
(CH), 123.7 CH), 129.3 (25€H), 132.1 (2)€H), 132.6 CH), 133.3, 134.7, 137.0, 139.0, 154.2
(Ca-0SQ). IR (KBr): 3240, 3072, 1263, 1212, 1054, 924, 81I'chiV/Vis: Lo maMeOH) =
247 nm, et = 1.58x10 L-mort-cm® (17t madMeOH) = 255 nmgz = 1.66x10 L-mol*-cnib).
HRMS (ESI, negative): [M-Ng~ found nm/z 316.9452, calculated for ;@4,(35)ChLOsS

316.9442.
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2.6. Sulfuric acid mono-(3",4"-dichloro-biphenyl-4-yl) ester, ammonium salt (99)

White solid; mp: 230 °C (dec)Hd NMR (400 MHz, CROD): &/ppm 7.40 (AA" XX’
system, 2H,J ~ 9.0 Hz), 7.51 (dd, 1H} = 2.0 Hz,J = 8.3 Hz), 7.54 (dd, 1H] = 0.4 Hz,J = 8.3
Hz), 7.57 (AA"XX " system, 2HJ) ~ 9.0 Hz), 7.73 (dd, 1H, J = 0.4 Hz, J = 2.0 HX: NMR
(100 MHz, CXOD): 8/ppm 122.9 (2€H), 127.6 CH), 128.7 (2XCH), 129.7 CH), 131.9 CH),
132.1, 133.7, 136.3, 142.3, 154G (-0SQy). IR (KBr): 3222, 3075, 1256, 1057 &mUV/Vis:
JogmadMeOH) = 262 nmgog = 2.56x10 L-mol*-cm® (l7gma(MeOH) = 272 nmg,4 = 2.32x10
L-molt-cm). HRMS (ESI, negative): [M-NE~ found nvz 316.9451, calculated for

C12H7(35)ChO4S 316.9442.

2.7. Sulfuric acid mono-(2,3",4 -trichloro-biphenyl-4-yl) ester, ammonium salt (9h)

White solid; mp: 160-162 °CH NMR (400 MHz, CROD): 8/ppm 7.30-7.35 (m, 3H),
7.50 (m, 1H), 7.54-7.58 (m, 2HY*C NMR (100 MHz, CROD): 8/ppm 121.4 CH), 123.7 CH),
130.5 CH), 131.3 CH), 132.5 CH), 132.5 CH), 132.7, 133.0, 133.3, 135.6, 140.6, 155
0S0). IR (KBr): 3240, 3086, 1269, 1256, 1209, 1056 'ctHRMS (ESI, negative): [M-N§

found myz350.9053, calculated for;@He(35)CkO4S 350.9052.

2.8. Sulfuric acid mono-(2°,3,5 -trichloro-biphenyl-4-yl) ester, ammonium salt (9i)

White solid; mp: 200 °C (dec.JH NMR (400 MHz, CROD): 8/ppm 7.31 (dd, 1HJ =
2.2 Hz,J = 8.5 Hz), 7.35 (dd, 1H] = 2.2 Hz,J = 8.5 Hz), 7.38 (dd, 1H] = 0.4 Hz,J = 2.2 Hz),
7.47 (d, 1HJ = 2.2 Hz), 7.48 (dd, 1H] = 0.4 Hz,J ~ 8.0 Hz), 7.71 (dd, 1Hl = 0.3 Hz,J = 8.5
Hz). °C NMR (100 MHz, CROD): 8/ppm 123.4 CH), 127.4, 129.6QH), 130.2 CH), 131.9

(CH), 132.0, 132.1QH), 132.5 CH), 134.0, 136.7, 141.7, 150.CG4-0SQy). IR (KBr): 3495,
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3270, 1246, 1051 ch UV/Vis: Agima{MeOH) = 249 nm,eq; = 1.17x10 L-mort.cm*
(l7ima{MeOH) = 259 nm, &7 = 1.11x18 L-mol*-cmi®). HRMS (ESI, negative): [M-N§~

found MYz350.9062, calculated for;@He(35)CkO4S 350.9052.

2.9. Sulfuric acid mono-(2°,3,4"-trichloro-biphenyl-4-yl) ester, ammonium salt (9j)

White solid; mp: 185 °C (dec3H NMR (400 MHz, CROD): 8/ppm 7.27-7.38 (m, 3H),
7.45 (d, 1HJ = 2.1 Hz), 7.54 (d, 1H] = 2.1 Hz), 7.70 (d, 1H] = 8.5 Hz).**C NMR (100 MHz,
CD;OD): 8/ppm 123.4 CH), 127.3, 128.6GH), 129.6 CH), 130.7 CH), 131.9 CH), 133.5
(CH), 134.3, 135.3, 136.8, 138.9, 1500\ (0SQ). IR (KBr): 3464, 1249, 1080, 1057, 822 cm
1 UVIVis: Agamaf{MeOH) = 251 nmygs = 1.38x10 L-mol*-cm? (A7ama{MeOH) = 260 nm,
¢7a = 1.52x10 L-mor*-cmi?). HRMS (ESI, negative): [M-NE~ found mv/z 350.9045, calculated

for C12H6(35)Cl304s 350.9052.
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