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Abstract

We investigated the intramolecular heterocyclization of thiolates generated in situ by the nickel
complex-catalyzed electroreduction of thioacetates. First, functionalized cyclic sulfides with four-
to six-membered rings were synthesized by the cyclization of thiolates, which have suitably placed
electrophilic olefins or acetylenes. Secondly, five- to seven-membered cyclic sulfides were
synthesized in good to high yields by regioselective epoxide cleavage. These approaches are very
mild and convenient, and they are expected to become a general method for the provision of
functionalized cyclic sulfides.
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2. MAERFZETHE DHERRISOERE
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OF A ANV T — ML ORE-FL SRS &~ = > 7 /VEEHA
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BLLTT 2= T AT X — MBLOT = = /LT A ALK
FT—=FEHWTHRFEZIT2/R, 747 85— ML

(S-COCHy) % -2.10 V ([ Ali¥fif 753 Ni(bae), T4 AL
AR — MEBAL (S-Ts, Ts: p-Toluenesulfonyl) ~i% -0.70 V |2 7]
Wi & 759 Ni(CR)(CIO,), & WA ICE AT Z %
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A
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Uk b Ev] i “’
Ni(CR)?* Ni(tme)2* Ni(salen) Ni(bae)
0.70V -0.96 V -1.68 V 2.10V (vs. SCE)
Chart1

BT, E LAWK T 78 27— LTS
— BTV E 2 Y = IR E 120 YRV, A
121 DMF 10 ml, S<FEIZ TEAP 1 mmol Z vy, fafiic

graphite A2, BHNC PtiRZ FIVY, FEAFEDT 1.5 mA O AEE
HiiEfE (CCE) TERXLF, HTIT-7- (Table1),
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Table 1. Free-Radical Addition of Electroreductively Generated
Benzenethiol to Ethyl Propiolate

CCE. Ph 0,Et
2
Ni(Il) complex S““:/C

PhS—PG + ==—CO,Et

Entry PG  Ni(ll) complex Yield (%) Isomer ratio®
(z E)
1 COMe Ni(bae) 83 81:19
2 Ts Ni(CR)? 68 58 : 42

a) Isolated yield based on substrate.
b) Determined by *H-NMR integration of vinyl proton.

3. BFRETTICEL YRE LERERZED
ZEHFAE~DANTORBBRIE

= VEERE V- EfBRTIC LY . FAT X — ME
(s KOF A AR T — ML HERSSREEFA S AT 5 =
EDIRENT=DT, WIZ, 53 IR IRFE LTSS EHT
LHF AT L — MEB L OF A A VKT — MEEENENS
L. = 7 VEEIRE BT RATIE L 355
RSSOV TR 24T > 72 (Chart 2),
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AT BRSSO 21T o7 (Table 2),
ERE DMF10ml \Z2F 47 % — MEA 1% 05mmol, =

v 7 VEER%E 0.2mmol, EEE LT TEAPLI mmol Zh1x.

Fatfiiz graphite B, BHEIC PtARZ HVY, 3 mA OFEHE T il
TERT G CERSIL T, LTI 7,

BANZ, FE la i[OV THEMAEIT S &\ -exo PR L72E
) 2a MK 56% THEEHILE Entryl), £, =y v
B HOTICEAR AT > 7B B ITIIUSITETE S, 81%
TEEHEEIL L= (Entry 2),

Tz NVEFoNEEETHEFAT X —F 1d ZHNWT
BIFEEATO L. 5-exo MIBRIAENE LN (Entry 5), HE T
4-ex0, 6-ex0, 7-ex0 AR T A H/EIT OV THREILEZEZ A

(Entries 4, 6,7) . 4-exo, 6-exo FHERIL 5-exo FABR & [RIRRIZSh=
I<HEATL, Z-RDNBIRANITAE DI TAs, T-exo PHERILEITH
TLORET D VANT 4 ROBHULER 52% TR LT,

WIZ, FAANVFT— b ERWZEHEIC OV TR L

(Entries 8-12), & D#ER, =F = VBRSO o
RT AT VENERR LT G A RIS S SR R < H#AT L
Ph D3 EH#E L2 BEIIT VAL T 4 R
DOFH AR LTz (Entries 10, 12), LxL7ani s, =F =&

7-7% (Entries 8, 9) .

Table 2. Electroreductive Cyclization of Thioacetates or Thiosulfonates

R R R
« \ cce ], {_g\ l
Ns ' Ni(ll) complex S7X X
) \—2('/)n \—g/)n )

Produc Yield (%)

Entry Substrate Ni(I1)
R (Zz E)P

X Y n complex

1 la CO,Et CH, COMe 1 Ni(salen) 2a  56(3:1)

2 1la 2a 0?
3 1b CO,Et CH, COMe 2 Ni(salen) 2b  45(1:1)
Ph Ph
MeC
4 1c O\j /// Ni(salen) )Sf 82 (Z only)
Et Et 2

5 1d Ph CH, COMe 1 Ni(salen) 2d  58(Z only)
6 le Ph CH, COMe 2 Ni(salen) 2e 61(Z only)
7 1f Ph CH, COMe 3 Ni(salen) 2f 0/3f 52
8 1gt-BuCOCH, Ts 1 Ni(tmc)* 2g 81(4:1)

9 1h COEt S Ts 1 NiCR*» 2h 71/3h 14
10 1i Phh CH, Ts 1 Ni(CR?* 2i 0/3i 9%

11 1 Ni(CR)* 2 179
12 1j Ph CH, Ts 2 Ni(CR¥» 2j 0/3j 9%

a) Isolated yield based on the thioacetate or thiosulfonate.
b) Determined by *H-NMR integration of vinyl proton.
Major isomer was assigned as  Z based on NOE difference stereoscopy.
c) Electrolysis without nickel complex.
d) Electrolysis with 2 equiv. of Ph ,PH.
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DEBBIPHE SN THIRRETHS[6]

Z 2T, INEEEE ORISR & FRRICTF 4T
T — ML~ DOEFBATICNE D RB-TER & OBRKS
WZE D AEUTRREREREE AV, 0 FRTHRF Y RO
JSELEDBIRANLT 4 ROARZEE L= (Chart3)
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5

complex ]
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Chart 3

BRI TF AT SF— ME 42 BB L UTEMBETEZITU.
A UTFRECRIZFED 53 TN TR ¥ o RBRREUGIC K BRIk A
VT 4 ROEGERIZHOW TR EI{T o7,

£TCV ITLDWATEITV. Ni(bae) BINHDF AT &
H— ME 4 (TR U TEFBATAEE L 700 Z L 2G0T L,
el & L FRRDSM CEMETETT -7 (Table3) .
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WIZ BEE Ab-af IZ DV TRRETEAT 72 & 25 (Entries 3-7) .
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RcBEsNT-, £7-. RL R 28 H OBA Entry 7) 1213
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TARFD NS LT S\ naZ LTERME 25 2
LR LTND,

—J7 endo-FAERIA 613, FHE 4 ® R H OBAICOHE
R L (Entries2,3,7) . RS H LISAOBEBILZ AT 55T
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Tz, M =—T ARES AT HIE 49 O (Entry 8)
IZI% 6-exo PABRIR LT, 7 BIRA/LT 4 R 7g AU 30%
THERR L, TA L7 7-endo BABRIKR 69 135 Divien o7, 15
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Table 3. Electroreductive Cyclization of Epoxy Thioacetates 4
3

R! H ROH
RZAK(O/\ 2N _CCE x/}—T\ + /_§<R2
X SCOMe Ni(ll) complex 1 R? X

(1 p (\‘)ﬁs rR! R ( g H

R n=1, 2

4 5 6

Entry Substrate d.r.)? Product Yield %®

RER* R* X n 5 (d.r.)? 6

1 4a Ph H H CH, 1(100:0) 5a 85 (100:0) 6a 0
2 4aPh H H CH, 1(80:20) 5a 84 (80:20) 6a” 5
3 40 H Ph H CH, 2 (60:40) 5b 57 (65:35) 6b® 15
4 4c Me Ph H CH, 2 (65:35) 5c 88 (65:35) 6c O
5 4d Ph Ph H CH, 2 5d 86 6d 0
6 4¢ Bu Bu H O 2 5e 73 6e 0
7 4Ff H H Ph CH, 2 5f 0 6f 47
8 49 H Ph H O 2(100:0) 5g 52 (100:0)Er\3\ph
79 30

a) Isolated yield based on substrate.
b) Ratio of the stereoisomers was determined by  *H-NMR.
c¢) Stereochemistry of product was assigned as  trans based on NOE.
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