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Abstract. Carbocyclic three-, four- and five-membered rings are formed in good to excellent 
yield (87-100%) upon treatment of the appropriate a,w-diiodlde with t-butylllthlum in pentane- 
ether solution at -23°C The corresponding dibromides do not undergo clean cycllzatlon 

The construction of unfunctionallzed carbocyclic rings by reductive cycllzatlon of c1,w- 

dihalides has been attempted with mixed success using a variety of reducing agents. In general, 

while 1,3-dlhalldes are easily converted to cyclopropanes in high yield,* 1,4- dihalldes give 

quite variable yields of cyclobutanes3 and, with a few notable exceptions,4 the cyclization of 

longer chain dihalides 1s not a viable route to larger carbocycles. 

A conceptually simple route to cycloalkanes involves treatment of an a,w-dlhallde with an 

alkylllthlum 5 In a formal sense this mechanistically intriguing process may be viewed as an 

intramolecular Wurtz-type coupling of an a-llthlo-w-haloalkane formed by initial metal-halogen 

interchange.6 Although such an approach has been exploited by Parham, Bradsher and co-workers 

for the preparation of benzocyclobutenes and indans from (bromophenyl)alkyl halides,7 a plethora 

of competing reactions (2. e , intermolecular coupling, reduction, elimination, etc.)5$6 serious- 

ly compromise the method as a general route to cycloalkanes 2,3 

During the course of an investigation of the metal-halogen interchange reactions we reex- 

plored the use of alkyllithiums as reagents for cycllzatlon of a,w-dlhalldes We have found 

that reductive cyclization is virtually the exclusive route followed when prunary 1,3-, 1,4- 

or 1,5-diiodldes are treated with t-butyllithium in 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 dllodldes are used as substrates 

The corresponding dibromldes, however, do not undergo clean intramolecular cyclizatlon under 

these conditions 

The disparate behavior of dllodldes and dibromldes in reactions with t-butyllithium 1s 

striking. For example, whereas 3,3-dimethyl-1,5-dllodopentane was cleanly converted to l,l- 

dlmethylcyclopentane upon treatment with t-butylllthlum (Table 1), the analogous dibromide 

afforded a complex mixture of hydrocarbons containing only a minor amount of the carbocycle 

The use of other dibromides in place of the diiodides listed in Table 1 resulted in the forma- 

tion of similar product mixtures It is of some interest to note that a substantial proportion 

of the product (~20-25%) from reaction of a dibromlde with t-butyllithlum 1s formally derived 
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~,a Wurtz-type coupling of the alkylllthlum with the substrate Moreover, the proportion of 

these "mixed-Wurtz" products IS virtually unaffected by running the reactions at higher dllu- 

tion l 

\c 
t-C4 H,Li 

3rV ,br - 
22% 24% 19% 

The fact that dlbromldes behave in a qualitatively different manner than diiodidesa has a 

bearing on the much debated mechanism for metal-halogen lnterchange5s6 since it suggests that 

there IS a halogen effect in the Interchange process. This observation, which will be explored 

In the full account of our lnvestlgatlon, 1s inconsistent with any mechanism for metal-halogen 

interchange that does not include the departing halogen in the product-partltlonlng step.9 

Reductive cycllzatlon of dilodides does not provide a practical route to carbocycles larger 

than cyclopentanes. Treatment of 1,6- or 1,7-diiodides with t-butylllthlum produces little 

cycloalkane (ca O-25%, Table 1) lo The maJar products, as shown below for the case of 1,6- 

dllodohexane, are n-alkanes derived from reduction of the diiodides (presumably vza c1,w- 

dillthlo species) along with smaller quantltles of saturated hydrocarbons derived from inter- 

molecular coupling of substrate molecules Virtually no mixed coupling of diiodide with t- 

butylllthlum was observed in any of the reactlons and, as expected, the extent of dimer, trlmer, 

etc. formation could be decreased by lowerlng the lnltlal concentration of the diiodide in the 

reaction mixture. 

‘-(CHzk ’ (2) “@ 

-k!X!& 0 + n-CBH,4 + n-C,yz6 + n-C,p,, + 

the 

co2 

was 

the 

and 

The general method employed for cyclizatlon of a,w-dllodldes IS as follows. A solution of 

dllodlde (10 mmol) in dry pentane-ether (100 ml, 3 2 by volume) was cooled to -23°C (CC14/ 

bath) under a blanket of argon and 2 0 to 2 2 molar equlvalentll of comnerclal t-butylllthlum 

added vza syringe. After stirring for 30 mln at -23°C (during which time a white ppt forms), 

reaction mixture was allowed to warm to room temperature, 10 ml of water was cautiously added 

the hydrocarbon products were isolated or assayed by standard methods 
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Table 1. Conversion of cc,w-Diiodldes to Cycloalkanes 

Dliodide Cycloalkane 

r’ x I 

f-Y- 
0 0 

f-J-Q-1 

cc- l 

-1 

DC 

r31 

&7 
o( 

0 

3 

93 

87 (78) 

97 

99 (52) 

93 

98 

16 

i-1 
f-----l 
LJ -0 

aAbsolute yields determined by glc analysis of the reaction mixture and 
correction for detector response 
b 
Isolated yields ln parenthesis 



5126 

Acknowledgments. This work was supported by a grant from the Humphrey Chemical Company, North 

Haven, CT and ln part by the donors of the Petroleum Research Fund 

Chemical Society. 

1 

2 

3. 

4. 

5. 

6. 

7 

8. 

9 

10. 

11 

References and Notes 

Taken in part from the Ph.D. Dlssertatlon of R Paul Gagmer, 
Storrs, CT, 1981. 

administered by the American 

University of Connecticut, 

The literature relating to cycllzatlon of 1,3- and 1,4-dlhalldes has been revlewed in the 
Houben-Weyl series. For cyclopropanes, see. Wendisch, D. in Methoden der bgmischen 
Chemze, George Thleme Verlag. Stuttgart, 1971; Vol. 4, pt. 3. For cyclobutanes, see. 
Seebach, D zbzd., Vol. 4, pt. 4. 

. ..___ 

(a) Conner, D. S., Wilson, E. R., ?'etrahedron Lett. 1967, 4925. 
(b) Wiberg, K B., Epllng, G. A., zbzd., 1974, 1119 -_-_ ____ 

(a) Takahashl, S., Suzuki, Y., Haglhara, N., C?zem. Lett. 1_9_74, 1363. 
(b) Whltesldes, G M., Gutowskl, F. D., J. org. Chem. 197g, 41, 2882. I___ 

(a) y;F;fleld, B. J. The Chemzstry of GrganoZzthzm Compounds, Pergamon Press New York, 

(b) Schoilkopf, U. in Methoden der Organzschen Cheme (Houben-Weyl); George Thieme Verlag. 
Stuttgart, 1970, Vol. 13, pt. 1. __..._ 

Gllman, H., Jones, R. G. 0rganzc Reactzons, Wiley: New York, 1951, Vol VI, Chpt. 7. 
_I..,.., 

(a) Parham, W. E., Jones, L. D , Sayed, Y A., J. Org. &em. 1976, 41, 1184. 
(b) Parham, W. E., Bradsher, C. K., Reames, D C., ibzd., 198T,";r6, 4804 _..,..,a 

Differences ln behavior of RBr and RI when treated with RLl have been noted by Applequlst, 
D. E., O'Brien, 0. F J. Amer. Chem. Sot. 1963, 85, 743. _..,_+., 

Halogen effects have been observed ln reactlons of RX with dlsodlum tetraphenylethylene and 
radical anions have been lmpllcated as lntermedlates in these interchange processes Cf. 
Garst, J F., Roberts, R D., Pacifici, J. A J. Amer. Chem. Sm. 1977, 99, 3528. -...__ 

The precipitous drop ln yield of cycloalkane at a chain length of six-atoms 1s not unex- 
pected A similar observatlon was made by Garst and Barbas in their elegant pioneering 
study of the reactlons of a,w-dlhalldes with alkali naphthalenes [Garst, J F , Barbas, 
J. T J. Amer. Chm. SOC. j,$j7_4, 96, 3239 and 32471 In this connection, lt IS to be noted 
that, although 1,4- and 1,5-dlhalldes are reductively cycllzed upon treatment with alkali 
naphthalenes, the yield of cycloalkanes 1s moderate (cu. 40-60%) and slgmflcant amounts of 
alkylated naphthalenes are produced 

One equivalent of the t-butylllthlum is consumed by reactlon with the t-butyl iodide gen- 
erated ln the metal-halogen Interchange. Cf. Corey, E. J., Beames, 0 J. J. Amer. Chem. 
Sot. 1972, 94_, 7210 and Seebach, D., Neumann, H Chem. Ber. 1974, 107, 847. ____ I__" 

(Received in USA 13 August 1982) 


