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Ease of Ring Closure Reactions of Bifunctional Chain
Molecules to Form Medium-sized Rings

Br(CH),COy ——= (CHp),  G=O

CHg(CH,)CO,™ + CHg(CHy),Br ———=  CH3CH,CH,CO,(CH,),CH3
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Figure 4. AH' profile for the formation of lactones (eq 4). Figure 6. AS® profile for lactone formation (eq 4).

Ring strain arises from 1) bond position forces due to imperfiect staggering
2) deformation of ring bond angles
3) transannular strains due to repulsive interactions between atoms across the ring
Strains 1) and 3) are especially severe for medium-ring cycloalkanes
Usually reactions in low concentrations to prevent polymerization
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Conia-ene Cyclization
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Conia-ene Cyclization to Form Medium-Sized rings
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Mechanism of Indium Catalyzed 2-Alkenylation of 1,3-
dicarbonyl compounds with Unactivated Alkynes
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Indium Catalyzed Conia-ene Cyclization: Mode A
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Indium Catalyzed Conia-ene Cyclization: Mode B

MeOC_ COMe
MeOC.__CO,Me In(NTf,)5 (5 mol%)

\RA 0.01 M in mesitylene
S 180°C, 8h

0% yield

Figure 5. Schematic representations of eight-membered rings: (a) cyclooc-
tane; (b) 3-methylenecyclooctanone.
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MeOC.__CO,Me

CO,Me

e Severe transannular interaction in cyclooctane
Replacement of sp® to sp? carbon atoms to reduce the strain

b)

Substitution of a -CH,CH,- group by a cis double bond
CO:Me  reduces the strain energy of cyclooctane by 2.7 kcal/mol

Allinger, N. L.; Sprague, J. T.; J. Am. Chem. Soc. 94, 5734
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Figure 6. Schematic representations of transition states for eight-membered-

ring formation: (a) a- to a-cyclization (mode A); (b) y- to a-cyclization
(mode B).
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Indium Catalyzed Conia-ene Cyclization: Mode B
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Indium Catalyzed Conia-ene Cyclization: Mode B

Ten-member ring
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Conclusion

a) The use of Indium(lll) catalyst, in particular In(NTf5)5

This catalyst organize the transition state of the cyclization by means of multisite
interactions

Allow the system to overcome the entropy and enthalpy barriers in the formation of
medium- to large-sized rings

b) With careful disign of substrates to reduce transannular steric interactions, the mode B type
of substrates readily gave medium- to large-sized rings while the mode A type substrates are
the best for five-membered rings.

c) Low catalyst loading, as low as 0.01 mol% in the best case
No solvent for five-member-ring formation
Only moderately dilute reaction conditions for medium-sized-ring formation
High atom economy
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