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Abstract Catalytic synthesis of organic sulfinamides has great significance and value in organic synthesis, material science,
and bioscience. Traditional synthetic methods for sulfinamides are often confronted with various challenges, such as tedious
reaction steps, harsh reaction conditions. Direct activation of S—H and N—H bonds to synthesis sulfinamides is the most
effective and atomic economic way, which can realize the N—S bonds construction without pre-functionalization of the sub-
strates. To establish a versatile and efficient technology for such reaction, an electrochemical cross coupling hydrogen evolu-
tion (CCHE) reaction, which is often used as an environmentally friendly and efficient way to construct new bonds, for syn-
thesis of sulfinamides has been successfully developed by using thiols and amines as the easily available and inexpensive
substrates. A series of sulfinamides were prepared with excellent yields and good compatibility of functional groups under
extremely mild reaction conditions. Experimental results showed that sulfenamides, which were constructed as intermediate
products via radical pathway, were further oxidized to sulfinamides. H,'®0 labeling experiment confirmed that the oxygen of
sulfinyl group comes from the trace water in 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP). In addition, tetrabutylammonium
iodide (TBAI) played important dual roles of intermediate and electrolyte in this reaction system. The typical procedure is as
follows: A 20 mL oven-dried reaction vital equipped with a magnetic stir bar was charged with thiol 1 (0.2 mmol), amine 2
(0.3 mmol) and TBAI (0.05 mol/L) in HFIP (5 mL), and exhausted via puncture needle for 15 minutes with argon. The mix-
ture was then electrolysed with carbon foam plate (anode) and platinum plate (cathode) as the electrodes in an undivided cell
for 6 hours in 10 mA constant current at room temperature. After the reaction, the mixture was evaporated under reduced
pressure to remove the solvent and the residue was purified by chromatography on silica gel to get the desired sulfinamide 3.
Keywords electrochemical catalysis; radical pathway; cross coupling hydrogen evolution; sulfinamides

518

Ao 2 Ak i I B R R e — A S Ay ST

Mt o 1 5 A 22 R 0 B 22 00 S S % B I e Ak

WAL e HAT AR — 5 N—S BATH LY
F, FEENLE R PR R R R DS A A
FEFIN A, 5 Lo ORI AL &2 i I
T HURERS) rES I ASEY/ITES ) 1V AN EV NN AT {32 (4
EVNETERE, RGP, 2 2 ERRT,

* E-mail: lzwu@mail.ipc.ac.cn
Received March 6, 2019; published April 22, 2019.

Y. (HEBI RN DR B S84 Rt E AL 5
SEAR AR T R AR R A 1] R 2016 4, Shi /N UM Y 5 3
WIRR b AT A 5 — 23 = HALF(DAST) T = i 4%
PER % T WREBEIZAL A P0(B 1, a). 2018 4E, Bolm /)

Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.

Project supported by the Ministry of Science and Technology of China (2017YFA0206903), the National Natural Science Foundation of China (91427303 and
21861132004), the Strategic Priority Research Program of the Chinese Academy of Science (XDB17000000), Key Research Program of Frontier Sciences of
the Chinese Academy of Science (QUZDY-SSW-JSC029), and K. C. Wong Education Foundation.

T H 52 [E LA BRI (201 7YFA0206903) [H 5% [ SRR 3£ 4291427303 and 21861132004). 1 [EI A} B B A5 56 0T 78 11 XI(XDB17000000) [ A}
S R RS 5 ST I H (QUZDY-SSW-ISCO29) 1 F 5 il 24 75 4 4 £ B 1.

Acta Chim. Sinica 2019, 77, 861—865

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 861



¥ F R

W@

ISV Wi 4 B (A1) 7 SSEIL T — RO AL AL A
YR 2 FR R AL & W B MU RSB Ak S Nz, 4% T 2%
A= AL AL &0 1, b). [FI4E, Zhang /NP
FIH Cul AT, ST B-NV AL [R) 2K IR i AL
YRR B, &R T B LS. [ESEE
[, 2016 4F Taniguchi /"M F R TR AE 4L 1
FE AL A EWAE Cul EAERTR, SEBl T
TR AL AP 24 (B 1, ¢). AR, EHEE1L S—H B
A N—H F SRR A RO RS E A A9 B A R
J7iE, WETC T R BRI TR fe 46 R AT SEE N—
S B M.

ASCEAE Bh A 25 S—H B8R N—H £858 X
IR S L S ol R 2 TR R AL O 2R Iy R i
KWAEVINBLEY), KEIE, SEHLT IR b &
Y (B 1), R B ERR A SRR, AR L
WAL . AL A A H SIS B A G 24k & 4 )
R 32 AR BB AT L s T A 1A i i 2
SEIG & AR ST e Mol I H 2R B ARSI N—S 81
B, AR R R A A P R =, AR B A — 2P A
HIF, R B0 FERIR, S8l T RS ik
EHIHE R

2 HR5HE
21 RMFHMK

FAVE T AR OR R 1a, "SR 2a 1B RV
Yy, DUIE T Z ML 8 (TBAD)VE A BRI, 7S 9 1A 19
(HFIP)E N S RLIE 7, A P R B AR S BE AR, A A
AR VR N B AR, X SV AR R A A 420 ) BRUSORE R AT T 4R
ORI AER IR 1 PR, 2L 0.2 mmol X AR
T} 1a A1 0.6 mmol [N 2a 1 K 5 A, 0.1 mol/L ()
VU IE T IE ML/ N H AR A AT 5 mL /S 965 R BV
A, R 10 mA fHE BT — Rt R AT R, 6
NI JERIARE] 99% 53 B 7 # ) B AR~ 3a (R 1, Entry

Previous works:

F-5—N
a) Ph—BOH), + ' ¢

1). o AN [) FRLAR 3R AT 075 348 PR &5 SR YR 7, FL AR O P 28 2
X [ N A BRI (3 1, Entries 2~5). PY1E T 3% P4
R i ("BuyNBF ) B VY 1E T 25 75 B BR 4 ("BugNPF4) N
FEL AR RN, T 15 1) o A B AT 1 RS U (48% ~ T0%);
VU IE T 2 04k B o R T B, 3R A5 IR G 1 S B I R
(73%~99%), JtH & VU IE T 3 R4k 4 1 S Fa gt ol I
BENT 99% R T, MUl W, 25 g S
TR Rk &, 0 I RO AT Ik 25 R, 75
Tt AR RS I, v LR G M 3 T i s R 4
R, CHEAREN [ SVEFIN, %A S BITYYCE 1,
Entries 1, 6~~7). X HLRRIIE K S5 B e 40 1) FH st 1A T i e
[rgh FeR W, RIS F AR BT TR B2 %A 0.05 mol/L B, 477
SRTT LIS B 99% 73 B 7= I T F“¥)(3K 1, Entries 8~
9). BRARMIMRAEN 0.3 mmol B, SN R IRIR I
(% 1, Entries 10~12). #R1, X1HE BRI 5 mA
i, SRR KK BRR(EE 1, Entry 13). $2] 256 R WA 7E
WA RS SRR, B TR B AR R
Tt B EEL A 2 AR A SO I I 7 A AN AT i e
22 [RMEZEMHAR

I R B SRR, BATHE T BRI B S
2 PSR AL A 40(0.2 mmol) FTHE AL A4)(0.3 mmol) Ky
SR, PUIE T FEmi4k42(0.05 mol/L) A AR, 753
SEEGS mLY A RBIETR, P IR AR, BIRA
M, AR, ERAMT, T i@l 10
mA 1H 5 HL I AR ML B 6 h (Table 1, Entry 11). 7E 3
BB T, AT R & AT TR 5.
221 #AAS T R IE R GRS o8

%, BATSREEWT T8 EE%%, i
2 FR. EAGHT BN B IR R R KL &)
YT DRI & T R ik R, 3,4-— RS AR )
YRR R SR, BERS LA 99% FA i 43 125 72 2R 45 21 T )
AR A A0 3b. 24 B G FR S 2R A A BT
YIwE, SRR FTREAR, 33T A E(64%) I T

o
I

_ eV Ph/S\N/\

DAST o
2
(IS? . BzO\NzR CuBry, PPhg /'5", R2
b R ) _ > SN”
) Ar” 7 NH, R! DCE, 60 °C, argon Ar '}11
R, R2 = Alkyl, H R
(@]
Cul-bpy, NH4PFg Il
c) ArSH + R'R? ——— >  ArS—NR'R?
) RIRNH DMSO, H,0, air, r
70~80 OC, 18 h Rj, R2 = Aryl, Alkyl, H
This work:
i h e
1 sH 10mA NS NR'R?
R{- ] + RIR?NH R +2H
= Radical Pathway

Trace H,0 as the oxygen source

Bl1 TR AL SR 5 T ik

Figure 1 Synthetic methods of sulfinamides
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Table 1 Reaction conditions optimization

H
SH |
()
~
O o
1a 2a

C(H#)|Pt(-): /=10 mA

electrolyte, solvent, r.t., 6 h

undivided cell
g
o
~o o)
3a
Entry” 2a (mmol)  Electrolyte Solvent Yield"/%
1 0.6 TBAI HFIP 99
2 0.6 "BuyNBF, HFIP 48
3 0.6 "BuyNPF HFIP 70
4 0.6 "BuyNCl HFIP 73
5 0.6 "BuyNBr HFIP 99
6 0.6 TBAI MeCN trace
7 0.6 TBAI MeOH trace
8¢ 0.6 TBAI HFIP 70
97 0.6 TBAI HFIP 99
10 0.4 TBAI HFIP 99
11 0.3 TBAI HFIP 99
12 0.2 TBAI HFIP 89
13¢ 0.3 TBAI HFIP 47
14/ 0.6 TBAI HFIP 0

“ Standard reaction conditions: RVC (10 mm X 10 mm X 5 mm) anode, Pt plate
(10 mm X5 mmX0.3 mm) cathode, constant current /=10 mA, 1a (0.2
mmol), 2a (0.6 mmol), TBAI (0.1 mol/L), HFIP (5 mL), argon, room temper-
ature, 6 h, undivided cell. * Yields of isolated products. “ TBAT (0.01 mol/L).
YTBAI (0.05 mol/L). ¢ Constant current /=5 mA.” Constant current /=0 mA.
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Figure 2 Scope of thiols derivatives
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Figure 3 Scope of amines derivatives
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Figure 4 Control Experiments
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Figure S Investigation of the mechanism
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Figure 6 Proposed mechanistic pathway
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