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Ring-forming reaction is one of the most important opera

tions in organic synthesis and generally involves cationic1 

and radical cyclizations.2 Much less attention ha옹 been given 

to anionic cyclizations,3 although a number of recently devel

oped methods employ anionic cyclizations for the construc

tion of 5-membered rings.4 In anionic cyclizations, an internal 

electrophilic acceptor should be survived during the genera

tion of a highly reactive carbanion. Alkynes and unactivated 

alkenes have been normally utilized as electrophilic accep

tors. The major advantage of the anionic cyclization over 

the radical and cationic cyclization may be that it is possible 

to functionalize the initially formed cyclization product by 

the reaction with various electrophiles, whereas both trap

ping the radical intermediate before it abstracts hydrogen 

atom from tributyltin hydride and the formation of 5-mem

bered ring via the cationic intermedi간e are normally difficult 

to achieve in a reliable manner

We have been interested in developing internal electrophi

les which could promote anionic cyclizations under mild con

ditions as well as introduce useful functional groups for fur

ther transformations. Since it has been known that the vinyl 

sulfide showed a good electrophilicity toward organolithium 

reagents,5 we have examined whether the vinyl sulfide might 

be served as the internal electrophile in anionic cyclization 

reactions.

The anionic cyclization was studied with 6-iodohex-l-enyl- 

phenyl sulfide (1). 1 was prepared from 6-bromohexanal by 

routine four-step operations.6 Reaction of 1 with Z-butylli-

4a： E - H (78%)
4b: E -TMS (72%) 

4c：E-SPh(53%, 73%・) 

4d:E -CH(OH)Ph (45%, 65%a)

1TMEDA was added

thium (2.2 equiv) in deoxygenated diethyl ether at — 78t： 

would generate 2 which underwent anionic cyclization upon 

warming to room temperature to afford 4 in 78% yield wi

thout the formation of 5 after quenching 3 with methanol. 

Apparently, the metal-halogen exchange proceeds much fas

ter than proton abstraction from the vinyl sulfide group to 

afford a-lithiovinylphenyl sulfide anion.7 It is noteworthy that 

the cyclization did not occur when the reaction was carried 

out at 一 78t, even though a vinyl sulfide is expected to 

be a much better electrophilic acceptor than an unactivated 

alkene. The initially formed cyclization product could be 

quenched with several electrophiles such as chlorotrimethyl

silane and diphenyl disulfide as shown in Scheme I. The 

isolated yields of the quenched products were relatively low 

when diphenyl disulfide, benzaldehyde, and ethyl chlorofor

mate were employed as electrophiles. The yields were consi

derably improved by the addition of TMEDA (2 equiv) to 

the reaction mixture.8 In the case of using ethyl chlorofor

mate as an electrophile, &;s-ethoxycarbonylated compound 

7 was isolated in 30% yi이d along with 30% of 4a due to 

the abstraction of the relatively acidic hydrogen in 6 by 3. 
The anionic cyclization of 7-iodohept- 1-enylphenyl sulfide (8) 

was not successful under the similar conditions, yielding 9 
in 10% yield along with the direct quenched product in 71% 

yield.

Since the formation of tetrahydrofurans is synthetically 

useful due to the possible applicability toward natural pro

duct synthesis, we briefly studied anionic cyclizations of a- 

alkoxylithium using a vinyl sulfide as the electrophilic accep

tor.9 To study the anionic cyclization of a-alkoxylithium, we 

prepared 11 from 2(2-bromo)-ethy 1- 1,3-dioxolane by a se

ven-step sequence.10 Reaction of 11 with M-butyllithium in 

tetrahydrofuran at — 78t should give 12 which underwent 

cyclization upon warming the reaction mixture to room tem-
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• TMEDA was added

Scheme 2.

perature to afford 13. 13 was further reacted with several 

electrophiles to afford 14 as shown in Scheme IL The addi

tion of TMEDA was beneficial to improve the is이ated yields 

of cyclized products. The stereochemistry of the substituents 

has not been determined, although 1,3-cis isomer was repor

ted to be normally a major product.90

Finally, a vinyl sulfide vs. an unactivated alkene competi

tion as an internal electrophile has been studied. Treatment 

of 15 with ；-butyllithium (2.2 equiv) in diethyl ether at - 78 

°C for 0.5 h followed by the addition of TMEDA (2.0 equiv) 

at — 78t： and warming to room temperature afforded the 

cyclized product 16 (74%) along with the direct protonated 

product 17 (20%) after trapping with methanol. When the 

reaction was carried out in tetrahydrofuran under the similar 

conditions, a mixture of 16 (53%) and 17 (40%) was is이건ed.

The results obtained in this study 시early demonstrate that 

a vinyl sulfide group is a much better electrophilic acceptor 

than an unactivated alkene and allows us to functionalize 

the cyclized products by the reaction with various electrophi

les.
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In all the aspects of high-resolution NMR study, resonance 

assignment is one of the key that unlocks all of the informa

tion present in the spectrum. Therefore, the importance of 

correct assignment can nev은r be overstated. For simple spec

tra with only a few widely dispersed resonances, assignment 

is more often than not a trivial exercise, but for narrow 

chemical shift ranges and extended spin systems, it can be 

a very severe problem and make even the structure determi-


