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& E A 266 nm BOG NGOG AR BES R IBOEREE AR TR R =& 4 (TCS) HHMR [ 3
(SO, 7)) WAk E R MM, 2558 T H N A PRI i A K R 8l 12, 0 AOH 63 o 1S 5
(GC-MS) HARMSM TREICH =Y. 45 RFW, SO, 5 TCS KM 1Y A3 FHH N (3.39 + 0.22) x
10° L-mol s, J: 3 B 3% 42 & SO, 2% M i AL K f TCS 1y J5 B JE i TCS-SO,~ Ml & ¥ ( TCS-SO,~
adduct) , T R EH (2.71 £ 0.24) x 10° L'mol s, Jf: H TCS-SO,~ adduct 7] 5 %5 fif 48 & 4 )X
B, TR FRCH (140 £0.14) x 10° L'mol™s™. TCS 5 SO, AL W) EEA 2-2, 4- A1) %
T3 F 2-4-5(2, 4-Z54-3, 5, 6- = R HE RS FE)-1, 4R BHEE. =W 0BT AT F1, TCS 5 SO, MY U i il 12 2 2
AHWRN, —FhJE SO, E LK TCS I A BRI I HE SR o+ 5 /N 28 By . ) —Fh 2 SO, il i ok
I A B TCS-SO,~ adduct, 335 Az BUAR R BB AR, 5o/ 8 SO, R Ak Ak =4
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Reaction kinetics and mechanism of triclosan with sulfate radical in

aqueous solution
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(1. School of Resources & Environmental Engineering, Hefei University of Technology, Hefei, 230009, China; 2. Institute of
Atmospheric Environment & Pollution Control, Hefei University of Technology, Hefei, 230009, China)

Abstract The photochemical reaction mechanism of triclosan (TCS) and sulfate radical (SO,") in
water was studied by using 266 nm laser flash photolysis transient absorption spectroscopy
techniques. Its growth and decay kinetics of the reaction transient species were systematically
investigated. The reaction products were analyzed by gas chromatography mass spectrometry (GC-
MS). The results revealed that the overall reaction rate constant of SO, with TCS was (3.39 + 0.22) x
10° L-mol™s™", while the main pathway was SO, attacked the aromatic ring of TCS through
electrophilic addition and formed TCS-SO,~ adduct, the second-order reaction rate constant was
(2.71 £0.24) x 10° L'mol "-s"". In addition, TCS-SO, " adduct could react with dissolved oxygen, and
the second-order rate constant was (1.40 + 0.14) x 10® L-mol™"-s™". The transformation products of
TCS and SO, ™ mainly included 2- (2, 4-dichlorophenoxy) phenol and 2-chloro-5 (2, 4-dichloro-3, 5,
6-trihydroxy-phenoxy)-1, 4-benzoquinone, etc. From the analysis of products, there were two main

reaction pathways between TCS and SO, . One was that SO, directly attacked the chlorines in TCS
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to generate phenols with smaller molecular weight via dechlorination. The other option was SO,
created TCS-SO,~ adduct through electrophilic addition, then generated corresponding phenol and
quinone, which were finally oxidized by SO, to generate hydroxylated products.

Keywords triclosan, sulfate radical (SO,7), laser flash photolysis, reaction kinetics.

SR (5-50-2-(2, 4- R ) 2R ) H R 2 RS AP I R L BRI FRVR ) b A B
JE TR, 764z 77 B Af A R v, 3 ik 25 Fhads AR HE B /K AR PR BE 02, AR 45 [R5 7K AL 3 Ay g 11
W H G A H Y, Zheng A5 X R DS 4 S35 K TG WE T 2 B TCS Y k2K R HE K R B 43 51 R
(322.5+22.3) — (467.2 £ 39.4) ng-L™" Fl1 (5.0 + 4.2) — (11.3 + 6.4) ng-L™". TCS AL 0 i 1 F1 7K 2 A= 9y
A, HATER N2 W TP 2 B i D RE e g ).

FET R AR [ 5L (SO, ) My JE [ 55 (-OH) By = 8 AL B R (AOPs) 27K Ab B A HILTS e P iy
AL IR Z 1. SO, "I -OH EA o iy B £, 5L T SO, 1) AOPs 7E/K AL #7153 11712
(9 5 ED. Wang 85 HI75 Y AT A= A2 W) 1 0 A o — Bk Rk e figk 22 7K Hf TCS, 52 30 Jh 90 M3t 50 F 5% A i
TCS A EZRAR. 2T AN RS AN GIHOE 1 SR #h 2Bk i TCS, JFid i s 4 3h J1 27t A A
Hi £ 5 TCS 1Y 90 S I #4445, H AT R 28U 58 32 T 2500, %F SO, 5% TCS % Ak i SO [
N Bl ) 2 FAIL I 3 v K

ARSCUL = AR E, R 266 nm WOGR OGRS T =8 £S5 SO, S Hr i 3L
(] 7 ) X S GRS ) Bl 0 A2 R 5 S UL, 455 GC-MS X6 AL 7= Wy it A7 43 B, #R 1T T SO, 15 &
TCS AT TR TP e A ai A%, LASE X 5 I 93 0 G 22 1) 4 58 S I A Ao Js2 I 3k B e S B AR, AL
T S TR Z 3 T it LR g ML BE oy () SRR BRI EL AT R AOPs 5 AR A SR 15 7K Ab B e i) 107 FH 2 11 2
wE%.

1 MRS )7 (Materials and methods)

1.1 Ab2Eilsn A gy i

@A (AR, KETHERAEAL TSI, i FRERA (K,S,04, AR) . £ T FE(TBA, >99.5% ) 1 H i
(>99.5% ) ¥4 T R T B Ab 223 AT FR 2N 7. B 4L A7 (>99.999% ) FlI4A < (>99.99% ) ¥ F R 5 L
TG UMV SRS SO I VB35 SR FH R 4 7K T Bt il o, S 56 1 359 Sl =5 0L
1.2 OGN S5

it FH % [ 2 T R0 WY LP920 RGN FP GOt N S E i e i A0~ 4T SO, T TCS 1 Ik 24 At
SEHS . WOROGTE K Nd-YAG HOGES, TAEK M 266 nm, BOGRER N (8 £ 2) mJ-pulse™, #RIMGIE N 450 W
KT RSO EIOE HT, FH i AU A S SR8 20 min, LIS 3 N, 3% O, 1 FIIA .
1.3 4rbririk

LA -TT W, (UV-vis) BOETE B 5 UV-1750 43 6B EETHE 5% b4 R T 2AS =l A
AHAETE BB AL (GC-MS) #EA7 5 43T, HP-5MS B 41454 (30 m x 0.25 mm, 0.25 um), 25 WA,
U 1.5 mL-min™', B U 230 °C. AR IRA W) 4G IR 40 °C PR4EF 5 min, 85 DA 10 °Comin™' Y 3
FETF 2 200 °C {44% 5 min, S5 L 5 Comin™ (93 EE TF 2 280 °C IF154% 5 min.

2 51 5308 (Results and discussions)

2.1 K,S,04 1 TCS (1584 0- 1T UL G5 2 W SO i

1.2 x 10* mol-L™" TCS Fl 5 x 10 mol-L™" K,S,0¢ ¥ ¥ 11 28 &1 -1] UL Y S 335 4n 1] 1a T 7 . K,S,04
HITCS B USCEBZE< 300 nm YL Y, X FE B TCS Fl K,8,05 HIRETE 266 nm St F##% .

7% 8 F] TCS 7F 266 nm Ab A7 7E 55 W, BRI ik oG BB 2R (8 + 2) mI-pulse™”, DA/ B0
Rt B2 PR 8] 1b 7R T 1 x 102 mol- L™ K,S,0¢ H1 3.11 x 1075 mol-L™' TCS ¥ & 73 WI1E 266 nm
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WOGE R T BB ASIOOGE. 45 5228, TCS 7E 266 nm 0GB 3G 3 R vh R 72 A B 5 10 R 25 12 1
1fii K5S,04 7E 300 — 550 nm &b B & i WSy , FLW S0 (B 43 590072 F 330 nm 1 450 nm 4b. 450 nm Ak
W 25 ) 0 n] I & T SO, 1, i 330 nm 4k Y W Wi 1% 15 JE F SO, 5 S,08% & I A LAY S04, X 5
Schuchmann 45 " fiff 5% i< 6 B8 B0 76 H P K V5 T H 9 Tk ol 8 i, 976 340 nm B S 9 B A S,04 T
430 nm VK SO, M IS AH T .

820327 + hV — 2SO4.7 ( 1 )
SO4.7 + 820827 - SO427 + SzOg.i (2)
@ 00041 b)
2.0 —— K,5,08
—— TCS
16 0.003
;N ,
g 121 cl g
3 &0
=] =}
<0 8 cl Cl <
0.001 - ——K,5,04 1 us —o—TCS 1 ps
! ——K,S,04 15 us—o—TCS 15 us
04F —a— K,8,05 30 ps——TCS 30 ps
0k i 0 1 Il ( 1 & i
210 240 270 300 330 360 390 420 300 350 400 450 500 550

Wavelength/nm Wavelength/nm
1 (a) K;S,05 A1 TCS 152 4b-1] WL, (b) K,S,05 T TCS MBS RIBOG 1
Fig.1 (a) UV-vis absorption spectra of K,S,0g and TCS, (b) Transient absorption spectra of K,S,0g5 and TCS.
2.2 RBA K,S,04 Fil TCS AW A6

N, f AT 254 F 1 x 1072 mol-L™" K,S,0g 1 3.11 x 1075 mol-L™' TCS TR & I W& Y 14+ I 25 W WO 33 4
Izl 2a Jir7i, B 310 nm (ISR T 400 nim FR) 555 IR ACHY . Jo0 << I AT S i e fH 5 VTR PR B T
TEREFI R K,S,0g GBS A (105 55 S A3 210 K2 SO, 57K 43 i il LA AR sl -OHMI(X 3), B it ik &

HA] REAEAE PR FIIG PE B2 5 RO BUT BE(TBA) S8 21 -OH #E G, (B 5 SO, I i PR,

SO4_ + Hzo — HSO4_ +-OH (3)
(CH;),COH+-OH — CH,C(CH;),0H+H,0  k=6.0x10*L-mol™" s 4
(CH;),COH+S0,” — CH,C(CH;),0H+HSO,” k=8.4x10’L-mol" s (5

k( OH+TBA) [TBA]
k( -OH+TBA) [TBA] + k( -OH+TCS) [TCS]
k(SO4‘+TBA) [TBA]
k(SO4 ’+TBA) [TBA] + k(SO4"+TCS) [TCS]
A 5.0 x 10° mol-L ™' TBA Ji7 , -OH Iy 4% K 3 i 90%, 1fif sogé’aé**%%ﬂjﬁr 5% fiAi. W
TBA J5 (£ 2b), A VL (TCS I KyS,0) iR 25U B A7 835725 Ml ph M T 0L, S 0 25 0 O 3
U8 F-OH 1) )5 iy

Quench-OH (%) = (6)

@D)

Quench SO, (%) =

CH;0H +SO,” — 'CH,OH+HSO,” k=1.1x10"L-mol s (8

HEBR T -OH (9 5Tk J= , i FH A3 20 SO, 48 50 HE IR 8 IN SO, M A FE . 8 B WL W Hh i AL HH i
2.0 x 102 mol'L™", £ 70% Y SO, B A K. ZE M AW B 5 (€] 2b), 310 nm F1 400 nm A0 Wit #R8A47 AH 7]
FU A A0/, 2 I 30 S i 25 v ) 4R B 422 5 (R R 5T SO, Y L.

Yang &7 W BF 5T R B, SO, AE R B F H H 3, 0T DLGE i 5 HOn e s B B R B0 S AL
Yuan ZFUHFGE T ERPERS 7 7 UV/PS 2 B (1 B A, 45 11 SO, 15 T S o #R R i S AR SO T
Y. Merga S5 5T T SO, 5 — S8 i ACH R AT AW 9 KL, & B0 SO, X 05 B 1 B0 mT LA AR B SO~
adducts, Jf H7E 315 nm &b 7% 35 W I 0. PRLHEKE: 310 nm M WSg e A %) B 20 Jo U XL AR s it 7™
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H: ) TCS—SO,~ adduct.
TCS +S0O,” — TCS - SO, adduct 9

X 310 nm 4k TCS—SO,~ adduct #4758 J1 553 #1 (151 2¢), 75 2 H AR BUE—ZEH T B kgrown= 6.72 X
10° s 32 G 310 nm AL BRI BT IE— AR L #8 5 TCS W B2 2R & (8] 2¢ 11D, 153 21 &
Y B — 2% 50 3R B00CK k= (2.71 + 0.24) x 10° L'mol s ™!, X MEUE L E SO, h s3] TCS 43 F 4
IR 11 B2 7 R R B T IX AN BB AR 2 R A ) B R R, PR LA SO, TE 450 nm T R R S
TCS R E M2 6 & (K 2d), 155 SO, 5 TCS [ I 1) B3 3R 5 0k (3.39 £ 0.22) x 10° L-mol s, il
b PRI A AR, AT DA SO, IMBGEAE B 79.9% (2.71/3.39). Z2E NP il 1t R AT
gy g2 7 A5 B R 4 BN 3 HR 5 (9.86 x 10° L-mol™-s™), 1 SEHIA =5 v B TBA #Eitk-OH /2 i,
SRIG A TCS 52K H iR e 4 SO, (B F1 K H R 5 TCS 1 ) I R H FU°h 1.2 x 10° L'mol "s™") 15 |
TCS 5 SO, 1S b 3 R H EL. SL58 7 6 AR TR i) B S B g6 25 R 2 [ 19 22 57 (R ARSI 45
TE Neta 25U B 1Y SO, 5 75 T AL A W S 3 32 1 BCEUEL Y T Y

) b S
@ . | ( ). —a—JoHE K7 Without quencher
0.0016 *—lus 0.0016 | 3 -1
10 ps ——5.0X10 ;mol-L TBA
30 s ——2.0X 107 mol-L™' MeOH
0.0012 ©» 0.0012 F
g |53
£ g
=2 =2
5 0.0008 2 0.0008
B fl=}
< <
0.0004 0.0004 p
(O Y L " n n 0 L L 1
300 350 400 450 500 550 300 350 400 450 500 550
Wavelength/nm Wavelength/nm
0.0015 0.0025 (d) 64
0.0012f 0.0020} |4 a8
3 3 2
§00009F 2 00015} i
5 =
2 2 T T Y TR
L o L .9 E . E i
< 0.0006 < 0.0010 TCS concentration/(10™ mol-L™")
0.0003 1 15 18 21 24 27 0.00051
TCS concentration/( 10~ mol-L™")
0 L 1 ) ) : 0 . L . )
0 1.5 3.0 4.5 6.0 7.5 0 20 40 60 80

t/us t/us
B 2 (a) K,S,05 Fll TCS iRA VR B BRI IBOETE, (b) TR A AL RS AN [RER AR A I 2 O, (c) 310 nm 4k
WS 5T 1) 2B B £k, 47 P - 310 nm AR B 259 5 14 v — 2R U AR S TCS W I G R, (d) 450 nm 4k SO, Y3
BB 2K, $iT 4] 450 nm 4k SO, Y HE— PO A 5 TCS W LR A
Fig.2 (a) Transient absorption spectra of mixed K,S,04 and TCS solutions, (b) Transient absorption spectra of mixed
solutions with different quenchers, (c) Growth curve of the transient species at 310 nm, Inset: Plot of the pseudo-first-order
formation rate of transient species at 310 nm against TCS concentrations, (d) Decay curve of SO, at 450 nm, Inset: Plot of the

pseudo-first-order decay rate of SO, at 450 nm against TCS concentrations.

P28 34 400 nm (1, HAR AT G iE— SR L, I B 15 3 - R kypopg=1.85 x 10° s
(I 32), Kl 3 7 Hh H A AL 8 b TCS-SO, ™ adduct Al SO, . A I IR AY SR K 5256 T 1, 7E 400 nm (1
A RS SO, K. — 1, SO, & Tl i B H 4% #% (single electron transfer, SET) i 12 I il & H,
TR, T TCS /72 5L Rk B fE AT & 08 245 Fi - 2L A1 2, SO, il & SET 5 TCS KW IE i FH &+ H i
B, PHES T 1 P Ll B 5 7 A B 43 (58 10 0 11). 55— 1, SO, .l LU TCS ) OH FE [ 4
B4 HIRT, BB EE (R 12). X5 Chen 5 ik AR B 7£ SO, EH Tl id B FH5 %1k
Ry By S 1) 245 SRS MBL. Nakanishi 4529 #1221 -4 5 B (19 2K S8 FE M 3% H7 7E 400 nm /=45 . Merga 517 $2
HY SO, 5 T2 p AR 28 1 e A8 Y 28 A8 B2 7t 23 7F 400 nm A0 A= Jl i B 5B R 06, 5 i B g 1 Ay iy 45 7Y
H H 2. AR HE DL 3T, 7E 400 nm A0 B BES ) BA] VA @ S W 48 R 2R BRI A AR E S S 0,k
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N7, PRI ) YR 5 T 38 AN [ e B A i 4R, DT UL 400 nm A0 480 1 Pl 22 1) s DR 8 R O, R BE 1Y
2tk 5 & (B 3b), 15 2l 480 F 3 Oy J N 1) 9 Z 5 40k (4.50 £ 0.19) x 107 L'mol s, iX &5
Anderson 252 {18 1) R P75 3 SR LT O, 14 SN 3R 5 (4.0 x 107 L-mol ™) 323, - H I H H
FETT REHEAT R SO A2 B SRR, (B A S 587 ) 43 B AR WL 2 AH 567 4) , [ Lucarini 559 SE 4015
o B M R AR R A B R AR B BB B RN (1.1% 107 L'mol 's™"), Plimmer S5 PHA Ay By 4 5L i HAY
RHEIE 5% SRR AR =4, PRI AN R 4 36 G XU B

— . 2-
TCS +SO,” — TCS™ + SO, (100
TCS™ = TCS(-H) +H' (an
TCS+S0O,” - TCS(-H) +HSO,~ 12>
12
0.0032 () (b) ~
0.0025 - 08
“ 5
L Teyttdy., 3
0.0024 WY \L“]W""“*“'l';*«"u\nr 4 0.0020 1 £ 04
) i "‘%-,~v'\‘l..’\-.\\1,"m‘.m' 8
E SO;~ K E 0.0015 1 00 o‘s 1lo 1‘5 2.0 z‘s
= 0.0016F i £ s 10 1s 20 s
2 2 0O, concentration/(10™' mol'L”™)
< < 0.0010 1
0.0008 - Long-life species 0.0005 H
0 Y 0K . ) L [
0 5 10 15 20 25 0 20 40 60 80
t/us t/us

3 (a) 400 nm AL FY Bl J7 77 f 2K, (b) 400 nm Ak B4 11 H 256 14 il 26
AP R 1 P R 0 v — 0 A R T SRR P B S R
Fig.3 (a) The kinetic curve at 400 nm. (b) Decay curve of phenoxyl radical at 400 nm

Inset: Acceleration of the pseudo first-order decay rate of phenoxyl radical against dissolved O, concentration

23 0, ¥ TCS-SO,~ adduct FE I

AN [F] 5 il SV B2 TCS—SO,~ adduct 9 £ U8 ith 2k 10 (5] 4a Jir 755 . Bl & W M 5006 B2 L 0.21
10 mol- L™ % I £ 2.3 x 107 mol'L™", 310 nm &b fr 4 — 2 £ 3ol 7 32 5 Z 0.71 = 10* s 34 #) 3.76x
10*s™", BEH] TCS—SO, adduct il LA O, k. i id 145 TCS—SO, ™ adduct 1 TE I A1 O, W JIE ALk
PR F (K] 4b), £55] TCS—SO, ™ adduct Fl O, W 1 —ZGHEZRHECN (1.40 £0.14) x 10° L-mol s ™. iIX 5 Zhu
A3 fifi OGN DGO 15 3] BPA—-SO, ™ adduct Fl1 Oy 2 1WA 2% 33 %8 %5 (1.28 £ 0.14) x 10° L-mol 5™
AT

. b
@ DOj% fEConcentration a0k ®)
0.0016 ——0.021 mmol-L""! :
) ---0.11 mmol-L!
LWNA g1 L
: 00012k \,\‘ 0.23 mmol-L _ 32
g ’ o
5 S 244 !
200008 <
x 2
~= 1.6}
0.0004 -
08F
0 A " 1 L 1 L 1 1 ]
0 0 0.5 1.0 1.5 2.0 25

0, concentration/(10*mol-L ")
B4 () NEFEMBARKE T TCS-SO,  adduct [ FE Ik, (b) TCS—SO, adduct [1)#ii— 2% T2k 38 5 00 i -5 %5 it
AR KRR
Fig.4 (a) Decay curves of TCS—SO, ™ adduct at different dissolved oxygen concentration, (b) Acceleration of the pseudo first-

order decay rate of TCS—SO,~ adduct against dissolved O, concentration

2.4 FEALFEY) RO W HLER S
Be il 100 mL 25 1.5 x 107° mol-L™ TCS 1 1 x 107 mol-L™" K,S,04 1R IR ANE K SLHaHE N, M IR
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2L A (R A AR B N MR RDIRES. ZER SR T /IR GRS 2] 4 mL A7 95 kE St b KOG IR 2
Q-Switch HiZ, 2% K 10 Hz. Bk g i 294 8 mJ Y 266 nm SOG. A 3t I RE i 29 4—5 s (1R
SF, 7E B ST RR P AN R A A RS Sl R i, DGR TR AR G 3450 32 B0 BE G, O RS 00 1 T
100 mL 9 = 50 B Joe A8 U U0 . % 25 U 19 A ML 3B 43 %% £% 28 250 mL sk G A AR, i A 100 g ok
Na,SO, 7K. 2 £ # & 24 h LU, 8 o e i 28 2R A ik 46 2 1 mL #17 GC-MS 4347, 15 3] TCS 5
SO, RN J& =4 i B s T i an &l Sa o, B = (1) 2-(2, 4- 0K EEL) Kl . (1)2-(2-5
AR Ry () 2-54-5(2, 4-—54-3, 5, 6- = FRFE IR A ) -1, 478,

100 ® = o sop Z o.M sor b o
r I 4 4
Cl©/ @Cl - Cl© O -CI” © @
80 addition | SO;~ uv I il
Ly Lo ‘\ S,0
_K,S5,08 Cl [e] Cl o
: Lol oS = 5%
TCS-SO;™ adduct Cl OHY (1 Cl " Cl
2 | . \—SO{ OH™ 0 0
r m
A ,,«.J ]\M I OH Lo OH ci on /SOI
0 w Y i 2
% 30 32 3 36 38 40 CIJ@( a c1©/0 € g{ CIO @CI
f/min TCS-OH adduct OH
Bl 5 (a) TCS and K,S,05 1R G I Z: 266 nm HOGH UG S8 7 @35 15, (b) TCS F1 SO, L N4z
Fig.5 (a) TIC chromatograms of the 266 nm irradiated mixed TCS and K,S,04 aqueous solution, (b) Photochemical reaction
pathway of TCS and SO,~

S — AR AR SO, Il ik B SR R ARG TCS Ry A BUREE, ARl 2-(2, 4- AR E L) K
1 (m/z 255) , Fifi f5 4k 2 I Sl A Al 2-(2-50R 4808 ) R I8 (m/z 220) . iX — 3842 5 Zhou 5P I A Cu 1
feid Bl ER =4 SO, AN &k T ik 12 M fii — AR 45 AW & 26 ANk 48 R SO, HE N B
F AR, AT DL R s R B Bty TCS 1Y 5 FRIE B TCS-SO, ™ adduct, i 5 TCS-SO,~ adduct i 1
i SO/ e BUE B+ H . T IEE + A i 2 py A feoe v, vl il 5 Hy0 & A= I i 4B i TCS-OH
adduct, Pl J5 82 5E A 2-580-5(2, 4- T R AE L ) -1, 4-X0F R Ty, WP AR S i SO, AR AR BURE I 18 X
AR T =9 miz = 355 W5 30RO R BR 19 43 AH 25 48, 45 6 A8 it 25 070 X A0 Ak 2o B R £ R
TCS FIRIFSE, W HEM =1 2-40-5(2, 4-—40-3, 5, 6- = R JL A4 3L ) -1, 4- 457 (m/z 355) . 4% |, TCS FI
SO, Mtk WAk A2 an &l 5b iR,

3 458 (Conclusion)

Relative abundance/%

& HI 266 nm WOGIADEIG#E T GC-MS 73 T H ARH5E T SO, 5 TCS W 1 3) 15 FIALEE. 5L 56 25
R, K,8,05 Mot = A= 1) SO, 3 238 18 2 B Iy TCS J5 98 i TCS-SO, ™ adduct, [ i 4 3 2
HHCH (2.71 £ 0.24) x 10° L-mol "s™", SO, Jil il 42 o5 &S B 1Y 79.9% (2.71/3.39). [A] i TCS-SO4~
adduct 1] 59 i S8 & A2 SO, HER2 W TR H B0h (1,40 + 0.14) x 10° L-mol s ™. TCS 5 SO, S 24 il
Z R AW 0T, 32 RIS YL W) Rl g S X AR 1 S, DR SR e PR AR R ST KR TS YL B TR
B, T XA A5 G 22 18] 79 38 S FRAG A6 T LA e B DG,
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