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Study on improvement of diphenyl disulfide synthesis
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Abstract: The SO, / KI / H,SO,/ H,0 reduction method for the synthesis of diphenyl disulfide from benzene
sulfonyl chloride has problems such as complexity, circulation and iodine recovery difficulties and excessive
acid production. An improved process was proposed. SO, / KI / H,SO,4/ H,O was replaced by SO, / I,/ H,O to
reduce the complexity of the system. An organic solvent was used to replace large amount of water. The solvent
was distilled and iodine was extracted after the reaction. A gas-liquid-liquid reaction equipment was set up to
enhance mass transfer to dissolve high concentration of SO,. Under the optimized conditions of n(benzene
sulfonyl chloride) :n(H,0):n(I;) =1:5:0.05, 60 C, 8 h and using glycol dimethyl ether as the solvent, the yield
and purity of the target product were 95.8% and 99.0% after purification, respectively. The recovery of iodine
was 78.5% and that of solvent was 82.2%. The experimental results remained stable after 10 cycles. This
process is suitable for the synthesis of other aryl disulfide using different substrates.

Key words: benzene sulfonyl chloride; diphenyl disulfide; SO,/ 1,/ H,O system; cyclic reaction
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SE [T R TolkAk: 1) A KI/H,SO4 NAEAF, B AR RE %, AMULIG R RIS HR A, g sk T
FOCEMIRDY: 2) HERERKIEER], P4 T X ROKERRER . KR 2R R R & R IR .
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fERE S B R RO T, 98D SO, KRR 5) it vzt R ONg R L, 80,
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*/]? F q:% E]/‘] Ll & %3 Fig.1 Scheme of the SO, / KI/ H,SO4 reduction method
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TR R, RS OLE K 3.14 g, [BICR N 78.5%. JEUH 100 g 95% ZFEELE N, 35 K
Tl = b 23.7 g, WM 95.8%, 4N 99.0%. 1 b (m.p.) 58.5~59.3 'C, 5 3CHR[181HIEMFF A MS(EL
70 eV), m / z(rel abundance): 218(M+, 100), 203(1), 185(52), 171(1), 154(4.6), 140(61), 109(99), 97(33),
77(23), 65 (72), 51(20); 'H NMR (400 MHz, Chloroform-d) & 7.56~7.46 (m, 4H), 7.32 (td, J = 6.7, 6.3, 1.6 Hz,
4H), 7.26 ~7.16 (m, 2H); *C NMR (101 MHz, Chloroform-d) & 137.03 , 129.07, 127.51, 127.16.
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32 MR NEER
3.2.1 IR

BRI P TR, T BEECE G VA RIS R SO, I IE SURIK = AH . AN SCHE KT
Pk SR BE R BE R 1:5:0.05, 4 20 g JFURHECFH 30 g ¥ 55, 60 'C N5 1 AN IR N IR, 15340
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R MRPETR B BRI R SRR
1, dultE E@I%%ﬁ:, DLk Table 1 Effects of solvents on phenyl disulfide yields
wR|| e 2% 17 H e Content Reaction time / h Conversion / % Yield / %
1/'_:‘{‘&“]5 #Dﬂq&ztb(ﬁ,jﬁ /\I:F‘ZJQE‘—%QEFI No solvent 10 315 /
B IC R, BEETIRZ, IKAVEE RN ﬁﬁ{ g i% g?
e .
TGS RBFE o IR T BRIV R 5 Sk EtOH 25 100 542
N . ’ - iso-Propyl alcohol 2 100 78.3
@%%kﬁzﬁg fﬁfi@iﬁkﬁﬁ@&@é s 'flL Bﬂf@d\ ’ n-Butyl alcohol 1 100 84.5
A SR RIBEREIOARIE R, Ak 2 Dimethoxyethane ‘ s o
Tetrahydrofuran 5 99.9 79.1
SO, MV T % T RSB BN R, (5 1d-Dioxane 10 0.9 69.9
Dichloroethane 10 29.9 /

BLE KH SO, M B He Al T Rt K, {2
RN SRR . KRN, FIRERR YRR 5 /KM SO, (B 33 Al ] BE I 18 KT R AE B R S TEVA A
AR E TS, A R KR SO, VA RS> T RV ER S, AR L FAN H g, (e
SRR PRIk, R 2 R F R I
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R HKER SO IR L A HI SPIRII SRR R —. KEID 2 5 R R &K B K
fife PRI s KB I /DR 2 ) HI B9 A o AR SCAE R S0 UK BE 2R A 1:0.05, 45 20 g JERHAC A 30 g
LFEZ WK, 60 C NN 8h, HLE T /KEX KM AN, 132w 3 FrargR.
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Yield / %

40}

Yield / %

60— . ; . . . . ’ . . ; . ; ; . . p
3 3.5 4 4.5 5 55 6 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
H,0 / Benzenesulfonyl chloride (molar ratio) Benzenesulfonyl chloride / I, (molar ratio)
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Fig.3 Effects of H,O consumption on phenyl Fig.4 Effects of I, consumption on phenyl
disulfide yields disulfide yields
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A MR B HE R B EAER, ERPHUCRNEIUE TR RS HL PR FAEE. 75 R0
SR BEEIRIEA 1:5, B 20 g JFRHECH 30 ¢ & = — FEE, 60 °C F . 8 h, 552 1 il ) ) 8L 1) 50,
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R EIMUN S 5 B, DRI s P R S L BE R LB 1:0.05.
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3.2.5 SARTEI Table 2 Effects of temperature and time on the reaction
ﬁ&&%%/ﬁﬁﬁ@ﬁ‘%%ﬂ@ SO,, Té(;C Timge/h Convezrssi;)n/% Yiel(/i/%

R R TR SO, WKL IBWNFEAIC, 7% 30 8 50.5 /

N S 40 8 70.1 /
A R FFELANTE SO,, FE4EFRF SO, b T 50 8 88.7 833
B EERAS SRR RSEIEAT . 7SR 0 ¢ 56 509
i, BN IS & SO, fRUEE AR SO, 60 10 99.6 95.9
5 S n N N = 70 8 99.7 95.9
N S =Y == <+ 4
/E%’ iaﬂuﬁ?ﬁfﬁo ‘[J:t5 ﬁﬁ%xj‘/\'ﬁg $3 EL*H?E%X#&F.“ZE"J?Z”@
R, DiEm SO, FIFIHZ, £ 3 X Table 3 Effects of gas phase circulation on the reaction
T /EM*H ﬂﬁ ﬂ:ﬁﬁra‘ E,(J igﬁ qu;% +H EP SO, %IJ Circulating rate / Conversation / Yield / SO, utilization rate /

THAN 7 (mL-min”") % % %
PSR IY SO, i / SEBRIBFER 0 9.1 95.3 205
SO, & 40 99.4 95.8 96.9
2 Bo

B 3 TR0, R SRR SO, SARTEIR, SO, FIFHZRIRE T 32%, A ZRb T SO, Sk
Bk
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3.2.6 f. HFE o
KPR T E X SO/KI/H,S0, ik 512 og |
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S BT AR (ECR. 82.20%) RIT(EICR 78.5%)%h
AR 100% JFHATEM, [53 TE S PRMER. 92
H P S T, VARURIBE H 10 Y, 7= S i 4y
YedRase, IR 23.7 g PR HE 0.9 g B, 107 g S T S S ST
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Fig.5 Effects of solvent and I, circulation on the reaction

A B K T 48.9%.
Fz4 IZExtk
Table 4 Process comparison

Method Catalyst Catalyst unit consumption / (mol-g™") The product yield / %  Waste acid unit production / (g-g™")
SO,/ KI/HySO4/ H,O KI 1.04x107 93.7 5.22
SO,/ 1,/ H,O I 2.86x10™ 95.8 2.67
327 YRR *5 RUERER
N s e Table 5 The results of substrate development
B LA T ZHEAT R RE - 43531 : -
- - e}
DL 4- YR TR G 4- AT \ o LT
S

N SO4/1y/H>0
— = e — e e — 0]
S AR 45U i T
R

4-G FEORTE I SR 4-F 5L 2R 4

Entry R Yield / % Melting point / C Melting point (literature) / “C
NERL, R R KA BE R LR 1 / 95.8 58.5-59.3 5918
. 2 CH 95.4 44.9~45.6 45~46!""
1:5:0.05, %20 g JFKEECH 30 g 24— 3 oci 064 131438 4344119
e FK, 60 C&METFRMN8h, & 4 F 96.1 49.0~50.1 49~510
5 Cl 96.3 71.5~72.1 72~73121
B 4,4- " HE TOR TRREE. 4.4-H 6 NH, 96.5 76.2~76.9 76~772)
7 OH 96.5 149.4~150.1 149~151%

A TR TR 4,4- K R
fik. 4,4- "SR R TOREE 4,4- 2B TR TOREEAN 4,4- TR TR TRE, 5 RWIEER 5 s

PG, RIS (R AR IS 1 P S S R AN R, 5 R 2 B2 A AR B R A I - S s e,
A T _E PR H B A Bk H - B T B 5 5 5 O e Tk SR — 05 B I Tk 1 348 )5

4 & ®

AR SO, / L/ O &GRSR, @ AN FIRBBORERIK, |58 5 Z8 R 77 9 22
WA, AR T EREE 2 . LIRS PR S e s 3 SR AR TR ) SRR R LR AR SO, AR SR E
RNV, EAR RIEIRE BRIRIEN SOy, Rk NI R kAT . AL S I T2 OB
A Z Fh ZRB G S KB BE R LG 1:5:0.05, RBERFEN 60 'C, MNIFAA 8 h, R MIEHIN £ —KE —
fit. $R4l)5 BARFEIUCE N 95.8%, ZHEHN 99.0%. BLIEIER A 78.5%, AN EIRR A 82.2%. [HIIL
R, EFIER 10 Ik, SRFEE. MLEET SO, / K1/ HySO, 38 JFHENS, I Rl YRR FH £,
IR D, TERAME. KRR AR % T 208 A T A 57 SRRt & & oy 2wl mT it
TokfbAr=2% .,
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induced aerobic oxidation [J]. Chemical Communications, 2019, 55(86): 13008-13011.
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