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Nitrogen Containing Heteroaromatic Cations

• Azinium / azolium type cations: 
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Usually X- = halogen, PF6, BF4, etc.

• Studied extensively under a
class of compounds known as
room temperature Ionic liquids

 Chem. Rev. 1999, 99, 2071.

• Quinolizinium type cations: Bridgehead quaternary nitrogen atom
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-Resonance analysis shows carbons 2,4,6,8 and 10 to be more electron deficient than carbons
  1,3,7 and 9.
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Biological Importance of Quinolizinium
Cations

• Many biologically active natural products contain a quinolizinium core
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- The family of sempervirine indolo[2,3-α]quinolizine alkaloids represent a class of compounds
  displaying anti-HIV, immunostimulant, sedative and antipsychotic biological activities.

• Cancer research: DNA intercalation and topoisomerase inhibitors. 
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General structure of quinolizinium
 and aza-quinolizinium type DNA
              inhibitors

MSTS-

Known DNA intercalator and
  topoisomerase I inhibitor 

Tetrahedron Letters, 2002, 43, 9565;   J. Med. Chem. 2004, 47, 1136
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Some Examples of Traditional Routes to
Functionalized Quinolizinium Bromides
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1) Traditional synthesis of 1-bromoquinolizinium bromide

2) Traditional synthesis of a 2-phenylquinolizinium salt

• These two examples show that traditional routes incorporate functionality into the quinolizinium
   cation mainly through the initial starting materials and often contain harsh reaction conditions.
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Heterocycles. 1981, 15, 213;    J. Am. Chem.Soc. 1958, 3021 
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Preparation of Bromoquinolizinium Bromides for Use in
Palladium Catalyzed Cross Coupling Reactions

• Preparation of 1-bromo and 3-bromoquinolizinium bromides 
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• Preparation of 2-bromoquinolizinium bromide 

• Preparation of 4-bromoquinolizinium bromide 
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Org. Lett. 2004, 6, 4125;  Heterocycles 1981, 15, 213.
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Attempted Metalation of the Bromoquinolizinium
Bromides for Preparation of Tin, Boronic Acid and

Zinc Heteroaryl Derivatives
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• Literature precedence for cationic heteroaromatic stannanes; Zoltwicz

J. Org. Chem. 1995, 60, 3487.
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Failed Attempts at Preparation of Quinoliziniumstannanes
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Optimization of Palladium-Catalyzed Cross-
Coupling Reactions of 3-bromoquinolizinium
Bromide Under Suzuki and Stille Conditions

• Under optimized conditions, Stille coupling has been found to be more efficient than 
  Suzuki coupling. 
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Comparison of the Reactions of 2-bromo and 3-
bromoquinolizinum Bromide with Aryl and Heteroaryl Boronic

acids and Stannanes Under Optimized Conditions

• A comparison of the reactions
with both isomers shows that
Stille coupling is still more
efficient.

• Suzuki coupling gives poor
results with both electron rich
and electron deficient aromatic
heterocycles.
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Stille Reactions of the Four Bromoquinolizinium Bromides

• The reactions of 4 and 5 with
tributylvinylstannane were further
optimized by adding 10 mol% Cu(I)I.

• Much better yields were obtained with
the phenylethynyltributylstannane.

• The methodology was not found to be
applicable to the transfer of alkyl
groups from tetramethylstannane.
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Conclusions

• Stille cross coupling reactions with bromoquinolizinium bromides
have been shown to be more efficient than Suzuki and Negishi
palladium catalyzed cross coupling reactions, affording moderate
yields of vinyl, ethynyl, aryl and heteroaryl functionalized
quinolizinium cations under mild conditions.

• The new synthetic strategy promotes selective mono
functionalization of the quinolizinium ring system under conditions
that are not limited exclusively to the starting materials, which
provides a profound improvement over many traditional synthetic
approaches.
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