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REACTION OF o,w~DIIODIDES WITH ¢-BUTYLLITHIUM- FACILE ROUTE TO
THREE-, FOUR- AND FIVE-MEMBERED CYCLOALKANES

William F Bailey* and R. Paul Gagnier!
Department of Chemistry, University of Connecticut, Storrs, CT 06268

Abstract. Carbocyclic three-, four- and five-membered rings are formed 1n good to excellent
yield (87-100%) upon treatment of the appropriate o,w-di10od1de with ¢-butyllithium 1n pentane-
ether solution at -23°C  The corresponding dibromides do not undergo clean cyclization

The construction of unfunctionalized carbocyclic rings by reductive cyclization of o,uw-
dihalides has been attempted with mixed success using a variety of reducing agents. In general,
while 1,3-d1halides are easily converted to cyclopropanes 1n high yield,2 1,4- dihalides give
quite variable yields of cyclobutanes® and, with a few notable exceptions,* the cyclization of
longer chain dihalides 1s not a viable route to larger carbocycles.

A conceptually simple route to cycloalkanes 1nvolves treatment of an a,w-dihalide with an
alkyll1thium 5 In a formal sense this mechanistically intriguing process may be viewed as an
intramolecular Wurtz-type coupling of an a-11th1o-w-haloalkane formed by ini1t1al metal-halogen
interchange.® Although such an approach has been exploited by Parham, Bradsher and co-workers
for the preparation of benzocyclebutenes and indans from (bromophenyl)alkyl halides,? a plethora
of competing reactions (z.e , intermolecular coupling, reduction, elimination, ete.)%:% serious-
ly compromise the method as a general route to cycloalkanes 2,3

During the course of an 1nvestigation of the metal-halogen interchange reactions we reex-
plored the use of alkyllithiums as reagents for cyclization of a,u-dihalides We have found
that reductive cyclization 1s virtually the exclusive route followed when primary 1,3-, 1,4-
or 1,5-di1od1des are treated with ¢-butyllithium 1n pentane-ether solution at -23°C  As shown
in Table 1, side reactions are suppressed and good to excellent yields of three-, four- and
five-membered carbocyclic rings are routinely obtained when diiodides are used as substrates
The corresponding dibromides, however, do not undergo clean intramolecular cyciization under
these conditions

The disparate behavior of ditodides and dibromides 1n reactions with t-butyllithium 1s
striking. For example, whereas 3,3-dimethyl-1,5-d110dopentane was cleanly converted to 1,1-
dimethylcyclopentane upon treatment with ¢-butyllithium (Table 1), the analogous dibromide
afforded a complex mixture of hydrocarbons containing only a minor amount of the carbocycle
The use of other dibromides 1n place of the diiodides 1isted in Table 1 resulted 1n the forma-
tion of similar product mixtures It 15 of some interest to note that a substantial proportion
of the product (v20-25%) from reaction of a dibromide with t-butyllithium 1s formally derived
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sza Wurtz-type coupling of the alkyllithium with the substrate Moreover, the proportion of
Lhese "mixed-Wurtz" products 1s virtually unaffected by running the reactions at higher dilu-
tion !

t-C,H,Li

The fact that dibromides behave 1n a qualitatively different manner than diiodides® has a
bearing on the much debated mechanism for metal-halogen interchange®s® since 1t suggests that
there 1s a halogen effect in the 1nterchange process. This observation, which will be explored
1n the full account of our investigation, 1s 1nconsistent with any mechanism for metal-halogen
interchange that does not 1include the departing halogen 1n the product-partitioning step.?

Reductive cyclization of diiodides does not provide a practical route to carbocycles Targer
than cyclopentanes. Treatment of 1,6- or 1,7-d110d1des with ¢-butyllithium produces Tittle
cycloalkane (ca 0-25%, Table 1) 1© The major products, as shown below for the case of 1,6-
d110dohexane, are n-alkanes derived from reduction of the diiodides (presumably via o,w-
d111thio species) along with smaller quantities of saturated hydrocarbons derived from inter-
molecular coupling of substrate molecules Virtually no mixed coupling of diiodide with ¢-
butyl1ithium was observed 1n any of the reactions and, as expected, the extent of dimer, trimer,
ete. formation could be decreased by lowering the initial concentration of the dii1odide 1n the

reaction mixture.

1 t-C4H9L| - - -
I‘(CHZ)G—I ‘Q-————‘V(z) h,0 + n-CgHy + n-C,Hy, +N=C Hy *

The general method employed for cyclization of a,w-d11odrdes 1s as follows. A solution of
the d1i1odide (10 mmol) 1n dry pentane-ether {100 ml, 3 2 by volume} was cooled to -23°C (cc1y/
€0, bath) under a blanket of argon and 2 0 to 2 2 molar equivalentl! of commercial ¢-butyllithium
was added vza syringe. After stirring for 30 min at -23°C (during which time a white ppt forms),
the reaction mixture was allowed to warm to room temperature, 10 ml of water was cautiously added
and the hydrocarbon products were 1solated or assayed by standard methods
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Table 1. Conversion of o,w-Di1odides to Cycloalkanes

Di10dide Cycloalkane Y1e1d,a’b %
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Absolute y1elds determined by glc analysis of the reaction mixture and
carrection for detector response

bIso]ated yields 1n parenthesis
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