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Abstract: Functionalized cyclic sulfides with four to six membered rings were  synthesized by ring closure

of the labile thiols which were formed in situ by the nickel complex catalyzed electroreduction of the thioacetates

and thiosulfonates having suitably placed electrophilic olefins or acetylenes. © 1998 Elsevier Science Ltd. All
rights reserved.

The chemistry of saturated cyclic sulfides has been of great interest, since they are important models in the
study of hcteroatomic compounds in petroleum and also serve as the starting materials for synthesis of
polymers and polyfunctional biologically active compounds. 1) The most general method for constructing
cyclic sulfides ? involves base -, 1% 123 acid - 4 or reduction- %) induced ring closure of protected thiols
having a suitably placed leaving group or other electrophilic functionality, and halocyclization reaction of
unsaturated sulfides. ®  Although these methods largely follow predictable regiochemical pathways and
provide straightforward approach to three to six-membered cyclic sulfides, they ofen involve harsh reaction
where the limited functionality or leaving group could be permitted. While other method such as photolysis
of free ethylenic or acetylenic thiols tends to provide a mixture of isomeric thiacycloalkanes with different
numbers in the ring and has an other problem that ethylenic or acetylenic thiols are labile and polimerize

cven at low temnerature 10 several hours. 7

even at low temperature in several hours. )
In the course of studies developing the methodology conducting radical reactions by the use of the nickel
omplex catalyzed electroreduction, 8) we found that electroreduction of the thioacetate 1a and thiosulfonate

le could be catalyzed by the nickel complexes, A: Ni(IT)(bac) %) orB Ni(II)(salen) 9, and C: Ni(II)(tmc)Z*
9 or D: Ni(II)(CR)?* 9), respectively.  This observation encouraged us to examine the synthesis of the
functionalized cyclic sulfides by ring closure of the thiols that would be formed in situ by catalytic
electroreduction of the thioacetates and thiosulfonates using these complexes as catalysts, which is
expected to proceed according to Scheme 1.
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The clectroreductive cyclizations of thioacctates * 19) and thiosulfonates 1% were performed in DMF (10
or 20 ml) in a divided or an undivided cell containing a su bStI’dtC (0.50r1.0 mmol), a nickel complex (0.2 - 0.3
ratho
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equiv. based on the susbirate ) and supporting electolyte (Et,NCIO4: 0.1 M) using a graphite plate as a cathode
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at a constant current mAau an mmert gas a i ambient temperature until 1 - 2 F/mol of clcctncxty was
caonsumed  The results are summarized in Tahle 1
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Table 1. Cyclic Sulfides Formed from

Thioacetates or Thiosulfonates by Nickel Complex
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a) Electrolyzed as described in the text. b) Isolated yield based on the thioacetate or thiosulfonate.
C) Determined b oy 1}1 NMR uucgldlum of olefinic protoi. lVlale isomier was 3SSigI'l€d as
Zbased on NOE difference spectroscopy.  d) As for structure, see note 9,

e) Electrolyzed without nickel complex. 1a was recovered in 81 %yield. f) Accompanied with 14 % of the
corresponding disulfide. g) The disulfide was yielded (94 %). h) The disulfide was yielded (88 %).
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except for that of the thiosulfonates 1g and 3i via exo mode cyclization as scparable mixtures of
stereoisomers of E and Z where Z isomer predominated. 1) The modest to high selectivity for formation of



the Z-2 suggests that the transfer of a hydrogen atom or proton occurs preferentially from the anti-side with
respect to the sulfur atom in the cyclized vinyl radical 1 cys - The thioacetate 1a was recovered in 81 % yield
after consumption of electricity of 2F/mol from the electrolysis of 1a performed without addition of the nickel
complex. The 4-membered cyclic suifide 2j was provided in 82 % yield, which has been reported not to be
formed ‘ny phot()iyqis mducca cyclization of the cioseiy reiated pcnt -4-yne-1-thiol derivatives. 77 The
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acti condition of the present method is likely to keep the extremely sirained
o cause the ring opening. The cyclization of the thioacetate having the nonactivated
d

Glcﬂ'n 3k formed a nraduct of whice nithle hand terminal ic enhetitiited hy an acetv] aronn Al The racnltc
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of entries 4, 5, and 11, and entry 12 indicate that not only a Michael acceptor also both a phenyl acetylenic
group and a non-activated olefin work as a thiol acceptor. These features of the products along with

Baldwin's rulc 12) and the Kinetic data for ring-closure of 4-pentenyl radical 13 seem to suggest that the active
species which react with the acceptor group of the thioacetates or thiosulfonates are the corresponding thiyl
radicals 1,, formed from the thiol 1gy by the reaction with light or heat.  In the electrolysis of the
thiosulfonates, 1g and 3i, the initially formed thiols 1 sy seem to displace the sulfonate group from another
molecule of the thiosulfonates to form the undesired disulfides. The formations of the corresponding
disulfides were not obscrved in the case of thioacetates, which might be related to the difference in the nature
as a leaving group between tosyl and acetyl group.

In conclusion, the present catalytic electroreductive method that is

onducted at ambient temperature in
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neutral SOiUﬁOI which does not need to be desiccated, and so p““ its various functionalities could be a
method to provide functionalized cyclic sulfides in the predictable regiochemical and
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All complexes are stable and can be stored at ambient temperature for several years.
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10. The thiocster 1a and thiosulfonate 1d were prepared as shown below.
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i) THP (1.4 eq.), Et;0, 0 °C; ii) EtMgBr, THF, reflux 1h, then CICO,Et, -20 °Ct0 3 °C;
iii) Pyridinium p-TsO (0.1 eq.), MeOH, 55 °C 1.5h ; iV) DEAD (2 cq.), PPhs (2 eq.), THF, 0 °C,
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By 14 S53%
i) "BuLi, 'BuCHO (1.1 eq.), THF, - 78 °C ; ii) 1sSK (1.5 eq.), CH;CN-HMPA, reflux;
iii) MnQ, (20 eq), CCl, 1.t

11.  Ali products 2 and 4 exhibited *C NMR and 'H NMR spectra which were consistent with assigned structures.
'H NMR spectra for E- and Z-2a and 2j: E-2a (300 MHz, CDCL,) b 5.88(1H, t,J 1.9, C=CH), 4.13(2H, q, J 7.1, CH,CH, )

3. 19(2H td, J 7.1, 2.0, L(,Hz) 3. U4(z,ﬂ t,J 6.3, bL,Hj), 2. ll(.&l—l, q,J 6.6, SCH ), L Lo(jﬂ,l 71, Mc), Z-2a (jUU MHz,
el 593%1H. 1. J1.4C=CH). 4192H q. Y709 CHCH \. znszmu 1, IAA cr*u \ 7anu m IAQ 1.2, CCH

(R A ) J.7. )\lll, by v LS, UE0IY, A\ LEy, )y v 70T, AT, Loy AL, )y
2.06(2H, g, J 6.7, SCH,CH,), 1.28(3H, 1,1 7.1, Me); 2j (300 MHL, CDCI) 5 7.46( H, d, 1 70, AIH), 7.33-7.22(3H, m, ArH),
5.91(1H, dd, J 3.1, 2.9, C=CH), 3.84-3.75(1H, m, CH,CH), 3.09(1H, ddd, ] 16.9, 8.6, 2.9, CHCHH), 2.68(1H, ddd, J 16.9, 6.2,
3.1, CHCHH), 1.81-1.71(2H, m, MeCH,), 1.02(3H, 1, 1 7.2, MeCH, )

The stereochemical assignments of 2a and Zj were done based on NOE difference spectroscopy. The minor isomer of Za
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12. Baldwin's rule , which is best applied 1o sysiems containing only firsi row elements, indicates thai 4- exo-dig cyclizations in

cleoshilic ring closure are disfavored processes
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13. The ring closure of the 4-pentenyl radical proceeds slowly at ordinary temperature, but there can be little doubt that it will
exclusively follow the exo-mode.
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