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bstmct: The regiochemiswy qf halocycliration t-eac&m for o&&k and 
acetyhicsu#I&shasken- 

Electrophilic cyclizations of unsaturated compounds 1, where X=0, NH, or S. has pnwed to be an 
cftlcicnt method for c43nsuucting ,&tcrocyclic structures of type 3.l These reactions arc generally viewed as 
pmxcding thmugh a stepwise elcctmphilic additiondcalkylat sequence involving cationic inmmalktc 2. 
Althoughalargeamountofmchanisticandsyndreticworlrha9alreadybeen~forunsaturatedoxygen- 
and nitrogen-systems (1, X=0. NH),2 elcctrophilic cyclixations of unsaturated sulfides (1, X=S) have 
remained relatively unexp1orcd.f~ Ring closures of this type arc generally controlled by a combination of 
sttreoelectronic and stuic effects, as summarked by Baldwin.5 However, since Baldwin’s Rules arc best 
applied to systems which contain only first row elements. it remains unclear as to what effect sulfur’s larger 
atomic size and greata pokkability may have on the regiochemistq of cyclixation. Judging from the limited 
number of examples which have appeued in the literature, electmphilic additions of sulfur groups to intcznal 

multiple bonds typkally favac five-membered tings over othc~ possible ring sizes. It should be pointed out that 

most of these examples involve the formation of b&y&c ring systans, whose qkchemistry is likely to be the 
result of constraints imposed by the preexisting ring. We therefore set out to study the ngiochcmistry of 
halocycliz&ons for coq@mazionul~j7tzibie umammkd sulfides. 
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The substrates used for these studies were prep& in a few steps fkom commu&l matuials.~ The 
halogcnation rcactiolls were conducted at mom temperature by adding one molar quivalent of bromine (or 
iodine) dropwise to a solution of the ~~sullidesincH~~.Due~Othelatilenatureandinstabilityof 
the resulting halosulMcs7, the cyclic adducts wae oxidized pmmptly to their halosulfone daivativcs using m- 
chloqcmxybcnxoic acid (mCPBA). ‘Ihe pmducts WQC chmmatogmphcd on silica gel and charscterized by tH 
and13cNMR pZOSCOpy.OWreSUhSiUCdi8CUssedillmXedCt8ilbebw. 
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Four-exe versus Flve-sndo Ring Closures: We first examined the reactions of 3-butenyl 
benxylsulftdes with elemental bromine (see below). Each of these substrates was found to react rapidly with 
bromine to give f&-membered ring bromosul&ies, which after oxidation aEnded excellent overall yields of 
bmmosulfones. Wedidnotisolateanyofthefour membemd ring adducts or uncyclired bmminadon products. 
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When these bromina tions were catried out using 3-butynyl analogues, complex mixtures of ptoducts 
were obtained due to the instability of the tesulting vinylsuEdes towatds btomine. However, these cyclixations 
could he accomplished efficiently using iodine as the electtophilic reagent to give the five-membered ring 
adducts in quantitative yields. Thus, halocyclixations of both olefinic and acetylenic sulfides show a strong 

pmfenze for fotming the five-mmbeted ring over the more highly strained four-membered ring 
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Five-cxo versus Six-en& Ring Closures: We next turned our attention to the halogenation 

reactions of 4-pentenyl and 4-pentynyl sulfides. Upon treatment of the pentenyl substrates with bromine, 
mixtures of five- and six-membeted rings were obtained, along with small amounts of acyclic dibromides in 
some instances. Interestingly, for the fist three entries shown below, the six-membered ring product 
predominates, in contrast to what has been mported for the formation of bicyclic ring systems.~ However, 
disubstitution at the uuminal olefii site leads to a slight preference for exo ring closure (see last entry below). 
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In contrast to these pa~tenyl cyckfations, the i&in&on reactks of bpentynyl &ides procecdcd with 

complete regiocontrol to give only the. fhMnembeEd ring products. TheW cyclic iodoslMdes urukgo fairly 
rapid~~tothesix-manbendringandmust~~be~tothesulfones~~tdslay. 

Six-exe versus Scven-endo Ring Closuns: To complete these studies, we also examined the 
halogenations of S-hexenyl and 5-hexynyl sulfides. Not surprisingly, the broosination reactions of the hkxatyl 
derivatives produced large amounts of acyclic dibmmides due to the diminished rate of cyclization relative to 
olefinbrooliaation.Nevertheless,thema~cyclizationproductfromthese~isthesix-mmbaedring. 

To examine whether these cyclization reactions could be occurring via a dibromide intermedkte. the 
~~were~(byslowaddidonofoneaquivalentofbrolllinetotheoldin)aadsubjecded~the 
usual cyclization conditions (see below). Upon treatment with one equivalent of bromine, each of the 
dibmmides undawent clean cyclization to produce secI1M_mmbend ring adducts exclusively.~ From this, we 

conclude that the above cyclizations of the u11~(ltwlltcd sultides do not involve dibnwide in&rmediates, but 
mcxelikelypmceedbywayofabromoni~likespe&s. 

\ * R-H (50%+20%dbmmido) 
suHkloaddad~~leqBrpIn~CI, R-Ph(loo96) 

Furthm, it seemed reasonable to expect that the regkhanistry of these S-hexenyl cyclizations could 
be altered by simply reversing the order of addition of the reagents. This turned out to be the case. Thus, by 
adding the sulfide slowly p a concentrated solution of BQ (one equivalent). the seven-memhexed ring adducts 

are produced in essentially quantitative yields (see above). Under these conditions, the cyclizations undoubtedly 
proceed via dibnrmosulfide intamediates thlDU@ Sll gN2-type displacement proCeSS.9 



Lsstly, we sndicd the iodination reactions of 5~hexynyl benxylsulfide da$vatives. Unlike the olefinic 
analogues above, these substrates cycliged without dil%Iculty to give quantitative yields of six-mea&et& ring 
cycloadduc&withncneofthe seven-tuernbetedringproductoracyclic~beingisolated. 

The following table summarixes our results on the regiochemisuy of these sulfide halocyclixation 
reactions, using the nomenclature of Baldwin. We will report on additional aspects and applications of this 

me&o&logy at a later time.l” 

5endo-trig > 4-exe-trig s-endo-dig > 4cxodig 
6-endo-trig > 54Xotrig 5-exodig > dendo-dig 
6-exouig > 7-e&t-trig fi-exodig > 7-endo-dig 
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cloadducts do not equilibrate under the reaction conditions. Thus, after standing in the 
Xotuide (1eq)atMbromine(1eq),esohcanberecoveredunchangbd~~hours. 

Curiously,thiscanvasiondoesnotoccurintheabaencedBr2.We~thatbrolninemayaidin 
the disp-t via a pohuixation effect. 
Mechanistic studies of intramolecular displacemen t reactions of sulfides have been reported. See B. Jursic, 
M. Ladika, DE. Sunko Gazz. Chim. Ital. 118,613 (1988); F.R. Urban, R. Breitenbach, LA. Vincent 
J. Org. Ckm. 55, 3670 (1990). 
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