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Halogen salt ionic liquid/O, catalyzed reaction of
aromatic thiophenol and isochroman
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Abstract: 1-Substituted thiophenol isochromans were obtained via 1-carboxyethyl-3-methylimidazolium
chloride (JCOOH-EtMIm][CI])-catalyzed dehydrogenation coupling reaction of subsituted thiophenols and
isochroman in the presence of O,. The influencing factors were screened by single factor experiments, and
the optimal reaction conditions were obtained as follows: p-toluenethiol (62 mg, 0.5 mmol), isochroman
(134 mg,1.0 mmoal), [COOH-EtMIm][CI] (95 mg, 0.5 mmoal), O, pressure 0.10 MPa, reaction temperature
120 °C, and reaction time 12 h. Under the optimum reaction conditions, the catalyst could be recycled for 4
times, while the gram-scale synthesis of 1-thiophenol isochroman was accomplished and 12 kinds of
1-substituted thiophenol isochromans with yields ranging from 52% to 96% were obtained. In addition,
activation of thiophenol and isochroman by anion and cation ions of [COOH-EtMIm][CI], respectively,
followed by O, oxidation and final dehydrogenation to form 1-thiophenol isochroman, was proposed as the
reaction mechanism.
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Pilla my& sCh e, BAREEE . 1 15 mL %
M2 (0, IE/1A 0.10 MPa) H4& i A [COOH-
EtMIm][CI] (95mg, 0.5mmol ). i (134 mg,
1.0 mmol ) Fil 4-H FEIK i (62 mg, 0.5 mmol ),

N EH 3K Oy )5, T 120 CFHiHk 12 h, &
ﬁn , I 5mL 2R CBRAI 3K, HIFAHLM,
567J<@|LE&%V]3FI%< 30 min, W45, ZnkEiE kgl
(KRR 50 = 1 Al 2R 216 ), RIfS 122.9 mg TG
IR 1-(4-F R E) A0 ( a), =%k
96% ( CHkIME : 75% ); *HNMR (400 MHz, CDCls),
5: 7.41~7.43 (m, 2H), 7.24~7.31 (m, 1H), 7.03~7.13
(m, 5H), 6.33 (s, 1H), 4.45~4.51 (m, 1H), 3.88~3.93
(m, 1H), 2.97~3.05 (m, 1H), 2.59~2.63 (m, 1H), 2.27
(s, 3H); *CNMR (100 MHz, CDCl3), §: 138.8, 135.4,
134.0, 133.9, 131.5, 130.2, 128.8, 127.6, 127.1, 127.2,
126.6, 126.1, 85.2, 58.4, 27.8, 20.9; HRMS, m/Z:

[Ci6H160S+H] "Bl 257.1000, {4 257.1002,
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1-(3-HHIRAR L) S ( b ): JoaifiiA, 98.6 mg,
PR T7% ( SCHRIOME . 78% ); HNMR (400 MHz,
CDCly), d: 7.33~7.41 (m, 3H), 7.18~7.24 (m, 3H),
7.06~7.12 (m, 2H), 6.49 (s, 1H), 4.49~4.56 (m, 1H),
3.96~4.02 (m, 1H), 3.03~3.12 (m, 1H), 2.64~2.71 (m, 1H),
2.35 (s, 3H); “CNMR (100 MHz, CDCl3), : 138.7,
135.8, 133.9, 131.7, 128.9, 128.8, 128.2, 128.0, 127.7,
127.2, 126.1, 85.9, 58.3, 27.8, 21.5; HRMS, m/Z:
[CieH160S+H] "Bl {H 257.1000, ik {H 257.1005.

1-(2- I AL S i e ): JofaiiiA, 66.6 mg,
FRE 52% ( SCHRIOME : 16% ); *HNMR (400 MHz,
CDCly), d: 7.63~7.65 (m, 1H), 7.27~7.30 (m, 1H),
7.09~7.16 (m, 5H), 7.03~7.05 (m, 1H), 6.38 (s, 1H),
4.43~450 (m, 1H), 3.88~3.93 (m, 1H), 2.97~3.06
(m, 1H), 2.59~2.64 (m, 1H), 2.39 (s, 3H); *CNMR
(100 MHz, CDCly), d: 137.3, 133.8, 132.0, 129.7,
128.8, 127.6, 127.1, 126.0, 86.4, 58.2, 27.8, 21.1;
HRMS, m/Z: [CiH1sOS+H] Bl { 257.1000,
AH 257.1004,

1-(2,4- " HEIER L) 0 (Td): Tk,
91.8 mg, %N 68%; ‘HNMR (400 MHz, CDCl3), §:
7.50~7.52 (m, 2H), 7.28~7.30 (m, 1H), 7.11~7.14
(m, 2H), 7.02~7.05 (m, 1H), 7.00 (s, 1H), 6.93~6.95
(m, 1H), 6.28 (s, 1H), 4.44~4.51 (m, 1H), 3.87~3.91
(m, 1H), 2.97~3.05 (m, 1H), 2.58~2.63 (m, 1H), 2.40
(s, 3H), 2.24 (s, 3H); *CNMR (100 MHz, CDCls),
139.4, 137.5, 134.2, 133.9, 132.9, 131.2, 128.8, 127.7,
127.4, 127.1, 126.0, 85.8, 58.3, 27.8, 21.1, 20.9;
HRMS, m/Z: [Ci7H1gOS+H] Bt {H 271.1157, it
4 271.1152,

1-(4- LK) 7AW (Me): LAWK,
125.6 mg, 77#% K 93%; *HNMR (400 MHz, CDCly),
5: 7.51~7.53 (m, 2H), 7.31~7.34 (m, 1H), 7.16~7.24
(m, 4H), 7.10~7.12 (m, 1H), 6.42 (s, 1H), 4.51~4.60
(m, 1H), 3.96~4.02 (m, 1H), 3.04~3.15 (m, 1H),
2.61~2.72 (m, 3H), 1.24 (t, J = 8.4 Hz, 3H); *CNMR
(100 MHz, CDCly), d: 143.7, 134.0, 133.9, 132.0,
128.8, 128,7, 128.6, 127.8, 127.2, 126.0, 86.4, 58.3,
28.6, 27.8, 18.5; HRMS, m/Z: [CiH1s0S+H] FiE
{H 271.1157, A8 271.1153,

1-(4-BUT FEoRm L) S (MIf ). Tomik,
132.6 mg, &N 89% ( SCHRIME : 4%); 'HNMR
(400 MHz, CDCly), d: 7.44~7.46 (m, 2H), 7.25~7.29
(m, 3H), 7.09~7.12 (m, 2H), 7.01~7.03 (m, 1H), 6.36
(s, 1H), 4.44~451 (m, 1H), 3.88~3.93 (m, 1H),
2.96~3.05 (m, 1H), 2.57~2.62 (m, 1H), 1.24 (s, 9H);
BCNMR (100 MHz, CDCly), 6: 149.4, 133.0, 132.8,
131.4, 130.4, 127.7, 126.6, 126.1, 125.0, 124.9, 85.1,
57.1, 33.5, 30.3, 26.7; HRMS, m/Z: [CioHppOS+H]"
e fH 299.1470, (A 299.1474,

1-CRf L) S0 (Mg): AR, 105.3 mg,

PR N 87% (SCHRMME . 9% ); 'MNMR (400 MHz,
CDClg), d: 7.59~7.61 (m, 2H), 7.32~7.36 (m, 2H),
7.26~7.29 (m, 2H), 7.20~7.22 (m, 2H), 7.12~7.14
(m, 1H), 6.49 (s, 1H), 4.51~4.58 (m, 1H), 3.97~
4.03 (m, 1H), 3.07~3.15 (m, 1H), 2.68~2.72 (m, 1H),
1.24 (s, 9H); *CNMR (100 MHz, CDCly), d: 136.1,
133.9, 131.2, 129.5, 129.1, 128.9, 128.8, 127.7, 127.2,
127.1, 126.1, 86.0, 58.3, 27.8; HRMS, miZ:
[CisH14OS+H] "Bl 243.0844, it {H 243.0840,

1-(4-SFARMREE) S MTh): Jpr A, 1105 mg,
PR 85% ( SCHRIFME: 80% ); HNMR (400 MHz,
CDClg), o: 7.48~7.53 (m, 2H), 7.26~7.29 (m, 1H),
7.12~7.17 (m, 2H), 7.03~7.06 (m, 1H), 6.93~6.99
(m, 2H), 6.29 (s, 1H), 4.42~4.51 (m, 1H), 3.89~3.95
(m, 1H), 2.96~3.08 (m, 1H), 2.58~2.65 (m, 1H);
3CNMR (100 MHz, CDCly), 6: 162.7, 160.3, 133.2
(Jor = 8.0 HZ), 132.8, 132.6, 129.8 (Jor = 3.0 Hz),
127.8, 126.8, 126.1, 125.1, 85.6, 57.2, 26.8; HRMS,
mlZ : [CisH1sFOS+HH]" # S H 261.0749, I ik (i
261.0745,

1-(A-F AL S ) RER A, 118.7 mg,
P23 86%( SCHRMA : 77%, 76%11Y ); *HNMR (400
MHz, CDCly), 6: 7.42~7.45 (m, 2H), 7.20~7.26 (m,
3H), 7.11~7.14 (m, 2H), 7.02~7.05 (m, 1H), 6.36 (s,
1H), 4.38~4.47 (m, 1H), 3.88~3.94 (m, 1H), 2.96~3.07
(m, 1H), 2.57~2.64 (m, 1H); *CNMR (100 MHz,
CDClg), d: 134.5, 133.9, 133.5, 133.3, 132.7, 129.0,
128.9, 127.9, 127.1, 126.1, 86.1, 58.3, 27.7; HRMS,
mlZ: [CisH1sCIOS+H]" B¢ {E 277.0454, i {4
277.0458,

1-(A-TRRRR L) S i T ): i taidA, 130.8 mg,
FEECh 82%; 'HNMR (400 MHz, CDCly), d: 7.34~
7.39 (m, 4H), 7.23~7.25 (m, 1H), 7.09~7.15 (m, 2H),
7.02~7.04 (m, 1H), 6.36 (s, 1H), 4.38~4.45 (m, 1H),
3.87~3.93 (m, 1H), 2.97~3.05 (m, 1H), 2.57~2.62
(m, 1H); *CNMR (100 MHz, CDCls), 6: 134.2, 132.8,
132.4, 131.7, 130.9, 127.8, 126.9, 125.1, 120.2, 85.9,
57.3, 26.7; HRMS, m/Z: [CisH13BrOS+H] Bl {E
320.9949, A fH 320.9946.

1-(B-IRAEHIL) Sl Tk ): RER A, 124.4 mg,
A 78%; 'HNMR (400 MHz, CDCly), d: 7.67
(s, 1H), 7.39~7.42 (m, 1H), 7.21~7.30 (m, 2H),
7.08~7.12 (m, 3H), 7.01~7.06 (m, 1H), 6.41 (s, 1H),
4.35~4.45 (m, 1H), 3.88~3.94 (m, 1H), 2.94~3.06
(m, 1H), 2.55~2.62 (m, 3H); **CNMR (100 MHz,
CDClg), d: 138.6, 134.0, 133.3, 133.2, 130.2, 130.0,
129.3, 128.9, 128.0, 127.2, 126.2, 122.8, 85.8, 58.4,
27.7; HRMS, m/Z: [CisH1sBrOS+H] Hili{H 320.9949,
M 320.9948,

1,3- (4 F LA k) S A F kg (). JE s
Wik, 156.5 mg, F=F K 86%; 'HNMR (400 MHz,
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CDCly), 6: 7.30~7.36 (m, 8H), 7.03~7.06 (m, 4H),
6.57 (s, 2H), 2.30 (m, 6H); *CNMR (100 MHz,
CDClsy), d: 138.5, 137.9, 133.1, 132.7, 129.5, 128.8,
122.6, 91.8, 585, 21.2, 185; HRMS, wm/Z:

[CoH200S,+H]  HiE {l 365.1034, lji{E 365.1037,
122 #HF*
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[CITBH BH 85—~ 28 380 o S0 035 b 5 86 5 R B iy, A1 fiff
T, BT [COOH-EtMIm][CI] ] 1 i & b 45
s, AL PEBE T T [COOH-EtMIm][Br] . [EtMIm][OAC]
BT 5y n e S8 AEN, MIAiE IR T
[COOH-EtMIm][Br] HI[COOH-EtMIm][CI]. [H Ik, &
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A
o) R
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& & ¢

TN A A-FEEZER ) (62 mg, 0.5 mmol ). (A3 (134 mg,
1.0 mmol ). &F#ifk (95 mg, 0.5mmol ). O, (0.10 MPa), 120 °C,
12h

K1 B FBAARR XS I a 7= A i 52
Fig. 1 Effect of ILs specieson product MMayield
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El 2 O, HJyxf =4y a r= 3 1 5%
Fig. 2 Effect of O, pressure on product Mayield
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NAR Zy ik B PTG TEACRE , RN R T . L,
MRS T 120 °Cl5, Ma =R A e, 25k
Firik, A F /b e RE M S B 8, 154 120 °CHy
JR A 3 AR
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= 80t g
¥
%0l

60|
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HEE/C
R A 4-FEEZERE (62 mg, 0.5 mmol ). (A3 (134 mg,

1.0 mmol ), [COOH-EtMIm][CI]( 95 mg, 0.5 mmol ), O,( 0.10 MPa).,
12h

3 BN TR X T a 7= 2R A 5 i)
Fig. 3 Effect of temperature on product Il ayield
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SR SAT: 4-F F2E R B (62 mg, 0.5 mmol ), S (134 mg,
1.0 mmol ), [COOH-EtMIm][CI] ( 95 mg, 0.5 mmol ). O,( 0.10 MPa).
120 °C
4 B a3 T a ™ 2R A 52 00
Fig. 4 Effect of time on product llavyield

215 BFwAEAE g lla>Fe3n

HE T B WA Ma =25, 258
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R MW, B a(L)/m(la>1.0)5, Maf=%
AL . L, 2E£E[COOH-EtMIm][CI]/4-F %
R sy 1 1,
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1 1
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S g A-FR B IRAR AR (62 mg, 0.5 mmol ), F A3 (134 mg,
1.0 mmol ), O, (0.10 MPa), 120 °C

K5 BRI X T a ™ 3 A 5200
Fig. 5 Amount of ionic liquid on product Il ayield
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o Wk, EEE (1 a)n(ll &)=2 HIEYWE I,

gr BRTIR, BRSO IS AR 4-H EROR AR
M (62 mg, 0.5 mmol ). ¥ 4i# ( 134 mg, 1.0 mmol ),
[COOH-EtMIm][CI] ( 95 mg, 0.5 mmol ), O,( 0.10 MPa),
120 °C, 12h,

22 Y lla = HZIES &
e LR AE RN AT, K 268 g (200

mmol ) Ffa3% 5 1.24 g ( 10.0 mmol ) 4-F1 LA 1
PEAT AL SRR S, 557 85% (Ith 3
WF=R A, P25 86%., 84%Fl 85% ) 1
1-(4-F R L) S (A, 63T 2.18 g

100
95

./.

60 ! I ! I
1.0 1.5 2.0 25 3.0

n( 1 a)/n(lla)

J ;A A- 1 FEFE R 3 ( 62 mg, 0.5 mmol ), [COOH-EtMIm][CI]
(95 mg, 0.5mmol ), O, (0.10 MPa), 120 °C., 12h

B 6 [NAEL X T a = 2 1 5
Fig. 6 Effect of reactant ratio on product llayield
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R EBAR N ALEE, #4716 S8 DFT
PR, R 7. 8, ME 7 WAL, #E N5
120 °C44F , [COOH-EtMIm][CI]( 95 mg, 0.5 mmol )
5 R 403%( 134 mg, 1.0 mmol )#EFT 12 h &AL .
SRR, KB YAR, B 2-8 AR A
S S R

Cl

[COOH-EMIm][CI] o
—_—
0 120°C,12h,N,

7 s
Fig. 7 Control experiment
DFT #HRHIEN], B TR R A 5 57 (i AU
FZ IR S h 164 A, 1A=01nm,
T, K 8a),

ak{) '

NBO Hifif: 9

OC HOOG®N ocCl J || PhSH: 0.051 (S)

a—REE G RO AR T Z WK b—PE T 5
i (PhSH ) % 3 & =2 ] U B I
K8 ML S SN 2 ) SR G
Fig. 8 Length of hydrogen bond of catalyst and reactant
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