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Abstract: Compounds contain sulfur and their relevant derivatives are applied universal-
ly in the fields of chemistry, biochemistry, life science and so on. Among them, aryl
thioethers are potential useful precursors for constructing various biological active of
sulfur-containing heterocycles. Thus, researches for phenyl sulfides have received more
and more concern. In this work, gas phase fragmentation reaction mechanism of three
kinds of bis (phenylthio) benzene isomers was studied by atmospheric pressure chemical
ionization in positive ion mode combined with ion trap mass spectrometer. Meanwhile,

theoretical calculations were performed by the density functional theory (DFT) method
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at the BSLYP level with 6-31+G (d, p) basis set in the Gaussian 03 package to verify
cleavage pathways. Under the positive ion mode, all compounds generated molecular
ions firstly, and after collision-induced dissociation (CID), some interesting fragmenta-
tion behaviors were observed. Benzensulfur radical loss resulted from direct heterolytic
cleavage of C—S bond and neutral elimination of HS radical were obtained among all
compounds. For o-bis (phenylthio) benzenes, loss of HS radical was induced by radical
delocalization, followed by cycloaddition and a serious of rearrangements. Moreover,
continuous loss of HS radical appeared via similar fragmentation pathway with that of
single HS radical loss. In addition, elimination of substituted benzenethiol was also
detected, which was triggered by nucleophilic substitution, with H radical shift in the
formed ion-neutral complex intermediate going after. For m-bis (phenylthio) benzenes,
similar dissociation pattern leading to neutral elimination of HS radical was proposed,
among which 1, 4-H proton transfer instead of thioketone-thiophenol interconversion
resulted in substituted benzenethiol loss. In the case of neutral HS radical loss existed in
p-bis (phenylthio) benzenes, reaction mechanism mediated by cycloaddition was illustra-
ted as well. However, because of the linear chain structure, substituted benzenethiol
could not be generated from p-bis (phenylthio) benzenes. Furthermore, distinctive
elimination of S, triggered by phenyl transfer existed only in m and p-bis (phenylthio)
benzenes due to smaller steric hindrance. There was also characteristic neutral loss of
substituted benzene ring in m-bis (phenylthio) benzenes. As a result, o-bis (phenylthio)
benzenes and the other two isomers could be differentiated according to the continuous
HS radical and S, losses. While m and p-bis (phenylthio) benzenes could be differentia-
ted based on the eliminations of substituted benzenethiol and substituted benzene. This
work investigated reaction mechanism about main neutral loss of HS radical and substi-
tuted benzenethiol for three kinds of bis (phenylthio) benzene isomers in gas phase,
using tandem mass spectrometry combined with theory calculation, which would provide
support for further researches about sulfur-containing compounds. At the same time,
discussion for the different fragmentation behaviors and characteristic neutral elimina-
tions helps to realize differentiation and identification for bis ( phenylthio) benzene
isomers.

Key words: atmospheric pressure chemical ionization-mass spectrometry ( APCI-MS) ;
bis (phenylthio) benzenes; collision-induced dissociation (CID); fragmentation mecha-

nism; positional isomers; theoretical calculation

UTAF R B 2B A B 2 ST A TR A F

$38%

A W AE RIS R O TR 28 3 B AL R HEAY

AL P T ) B B B S A T Ok 2 G Sk
. T s W B A S AR UL R
T 58 AR TC I8 2 18 A i B2 U 38 R AE 2
5 WA A A U T A A AN R
JHE A &5 B S F) 2 Sk S L ML BLATE 5 sk
A EEN MO, Ho G2 ERBI%E & T
R IE W) FOE A AN A E R SO, 1Y N
PEAT T HE . Ak 9T S B i 2% M A Ik

TLRERS A HS B R R S P K SO, 2 /)
Zaus a1 S C ) S N [ i i S 3 7
Al B W T 2R BN HILBE B BIF TR DL ARGE
A AR R F R A0 A o H 8 - — 5t
W CAPCEEMS/MS) HAR L 25 45 % 5 12 R JLig 71
B SR ORI = S 0 S R R LAY AR
Wy 11 J5T 3 284 gk S 0L AL L AR AR AR E PR R R S
T HESL XA 3 B AR R B B A Tk



o EWRBRAE TR AL v B TR A0 B R TR R e 1A 171

1 SEEHERSH
L1 FEMNE

LCQ Deca XP MAX B 1B Ji %Y . 3 [H
Thermo Fisher 24 ®] 7= ft, Be A K EAL
B (APCD & Xcalibur 2.2 ¥ 40 3 £ %5
GCT Premier ¥ 47 i} [8] i % 1% : 38 [ Waters
o E LA R R TE (ED B R
.2 FEHEmERF

5 AEBAL 5 AN TEIAL AN 4 A XL 1 2R — 2K A
BEZRAL B W - VPG DS R 2 457 8 i 4 3t
FHBE . o %l , 1 [E] Merck 24 ®] 77 i
1.3 SKIG&KH
L.3.1 FESh 4 BOGE BEAE S T P RE, o
0. 45 pmn PR, FTE 5 42 i 2% 2 003 A AT 43
Br. Wi 20 pl/min,
1.3.2 LCQ Deca XP MAX & 1B} Jfi ji% 2 4

KA A B IE B F A B (APCT ),
JT i 4 4 Y0 Bl om/= 100 ~ 800; B 4 & R B
150 °C; B HE23 VB # 18 L/min;
W ZE K AR EE 450 C s L2 MO A LS A
fli 48 SO AR Rl AR 37 20
1.3.3 GCT Premier KATHF[A]JRIE & 1F W
FHEGEDHEEE, B FRERE 70 V., B F IR
B 230 °C, R HAMEE m/z 50~600, K H 4
=T e o A AT RO
1.3.4 R &MH  RH Gaussian 03 . %
J 77 PR 15 (density functional theory, DFT),
7E BSLYP/6-31+G(d, p) /K _EXt 5 1454
BEATBAUAIACAL o X B A7 AR 1 25 4 32 47 4R 3
AR A3 Horp S BAUHE — A TR
A B R i o H - RE I AR RE Z R

2 ZR5iTR
2.1 APCI-MS/MS 43 #h

208 I XoF R R A P S AT AR 4 Al 2 2
WEAEE B TR 1L IEAPCTT . X 2 {b & ¥4y
PR T ETEIMIT . 14 LS Y TR
TG LA T A Y T B R B SO R SR )
TR 2. AT SRR IR mL S AL & W) 48 A
753 B (CID) J o itk 2 R BUIUR A A il
BOCHG HS A d 2L & 2 4~ HS A i %,
SRR R B T acboed. TR A) R TR ik
KA IR BA WS 2 4 HS Al W

PR E T BT R R RS, MU A
MR BT e Ml fo BT UR HERBRAS
Py A B BB A by 2 HS [ iy 2 K
S, R RS AR BORC A 28 L A
AEE . LS 2,702 ) g &R
HS [ o AR B 1) S 31 28 Ak S o AL LA K
3 T B S AL A A T X 0

x1 BENE_ETRBMELEGYRNILZLEY
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Table 2 CID mass spectra data for o, m, p-bis (phenylthio) benzenes

STET PRI T om/ =X B/ %)
[iasx’]
[M]*- a b c d e f
1 322(71.9) 199(100) 198(39.9) 289(11.6) 256(4.5)
2 294(12. 6) 185(100) 184(29. 1) 261(16. 2) 228(4.8)
3 330(18. 3) 203(100) 202(29. 8) 297(10.5) 264(2.5)
4 362(20. 8) 219(65.9) 218(50. 9) 329(11.5) 296(6. 2)
5 450(4. 8) 263(2.5) 262(71. 1) 417(13. 1)
6 322(29. 4) 199(100) 198(22.0) 289(37.2) 258(12.9) 230(25.3)
7 294(17. 2) 185(100) 184(27.6) 261(26. 3) 230(5.6) 216(18. 3)
8 330(14. 2) 203(100) 202(22. 1) 297(27. 1) 266(15.9) 234(13.0)
9 362(27.3) 219(100) 218(24. 8) 329(16. 1) 298(17.6) 250(13. 6)
10 450(2. 4) 263(21.3) 262(20.9) 417(6. 8) 386(8.0) 294(3.9)
11 322(11.7) 199(100) 289(3.4) 258(3.9)
12 294(24.5) 185(100) 261(10.7) 230(9.0)
13 330(18. 8) 203(100) 297(1.8) 266(2.0)
14 362(9.7) 219(100) 329(1.0) 298(2. 0)
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Table 3 Relevant energy data of bis (phenylthio) benzenes (kJ/mol)
AR R Tk [T S 7 Xof 2 AR Tk
%y’
TSol Mo7 Mo8 TSo3 Mo9 TSml TSm3 Mmb TSm2 Mm6 TSpl Mp4
p-CH; 243.0 72.5 131. 0 177.4  —28.6 244.7 164. 4 53.9 105.3 —26.5 259.8 260. 5
p-H 234.1 67.4 142. 7 171.9 —33.5 234.3 164. 3 46.9 101.3 —32.3 256.9 257.6
pF 240. 2 75.5 138. 7 180.4 —36.5 241.5 173.0 59.6 112.2 —34.6 260.6 263.3
p-Cl 243.0 79.1 137.1 182.9 —67.3 253.8 183. 3 70.1 121.0 —56.3 261.1 263. 8
p-Br 245. 4 78.8 166. 6 181.8 —35.5 251.7 178. 7 67.4 116.5 —27.3
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2 Proposed fragmentation mechanism for neutral loss of HS radical and benzenethiol from compound 2
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Fig.3 Potential energy diagram for neutral loss of HS radical and benzenethiol from compound 2
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Fig. 4 Proposed fragmentation mechanism for neutral loss of HS radical and benzenethiol from compound 7



55240 FRRIE A R AL E T 40 BT R R T S A 4 175
250
2343 — EHS-
200k Sm1y,  ____. FE2:PhSH

150

100

50F

Relevant energy/(kJ/mol)

\-326

Mm4

Mm6

Bs &% 7EXHS BREMFEGEE KN EEEHZLE

Fig. 5

Potential energy diagram for neutral loss of HS radical and benzenethiol from compound 7
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Fig. 6 Proposed fragmentation mechanism for neutral loss of HS radical from compound 12
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