Synthesis and General Reactivity of Selected Heterocycles
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What Are Heterocycles and Why Do People Care?

B Heterocyclic compounds are those which have a cyclic structure with two, or more, different kinds
of atoms in the ring.

B About half of the known organic compounds have structures that incorporate at least one
heterocyclic component.

# Heterocyclic compounds have a wide range of application: predominant in pharmaceuticals,
agrochemicals, veternary products, dyestuffs, pigments etc.
B Of the top 20 pharmaceuticals sold in 1994, 17 are classified as heterocycles.

Handbook of Heterocyclic Chemistry: Alan Katritzky
Heterocyclic Chemistry: Thomas Gilchrist
Czarnik, AW.; Acc. Chem. Res. 1996, 29, 112-113



Some Properties of Oxazole, Imidazole, Isoxazole and Pyrazole
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Structure determination of Organic Compands: Pretsch, Buhimann, Affolter
Handbaok of Heterocyclic Chemistry: Alan Katritziky

Oxazoles in Natural Products

B interest in oxazoles has increased recently dus to there presence in natural products.
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How to Consider the Oxazole Nucleus
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Very functional group compatable.

B Cyclodehydration via oxazoline, many cyclization and oxidation protocols are available
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General Approaches to Oxazoles part I/

# To get monosubsituted oxazoles by Robinson-Gabriel method:
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Less General Approaches to Oxazoles

B From 2-keionitrones
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% Reduction with LAH
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Ph E
LAH =
e L R 2 T
Pl pr” N P N
¥ Halogenation at Cy
Me Me
NCS NCS i
CEE T T
pr” N . N
Ph Ph
R=anyl . R = alkyl o
————— Ph
FI)L M
H
0 COzH
R, N0
P
Y Ry N R,
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Fun with Oxazoles
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More Fun with Oxazoles

B The Chapman reaction
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And More Fun with Oxazoles

B Cvans uses them to make amine acids for Vancomycin etc.
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Isoxazoles are NOT Prevalent in Natural Products

B Interest in isoxazoles is not dus o natural products
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B interest in isoxazoles is more directed towards there synthetic utility and pharmacology
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Isoxazoles part | and part Ii: Grunager

How to Consider the Isoxazole Nucleus
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General Approaches to Isoxazoles part |
B 3+2 way (with hydroxylamine hydrochloride)
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General Approaches to Isoxazoles part I/
B More 3+2 reactions

B o,p-acetylenic ketones under acidic conditions...... and under basic conditions.
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General Approaches to Isoxazoles part Il

B 4+1 way
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General Reactivity of Isoxazoles

B Reaction with strong reducing
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Fun with Isoxazoles
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More Fun with Isoxazoles Using the Boulton-Katritzky Rearangement

% General rearrangment for 5-membered
heterocycles that contain an N—O bond.
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Pyrazoles are also NOT Prevalent in Natural Products

B Only three natural product isolates have the pyrazole nucleus

Pyrazomycin

B Pyrazoles have been incorporated in many pharmacuticals, insecticides, and dyes
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How to Consider and Synthesize the Pyrazole Nucleus
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B Though dozens of other ways exist, problems of regiochemistry exist with many.
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General Reactivity of Pyrazoles

agents (LAH, Stannous Chloride,
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Imidazoles in Natural Products

# imidazoles are fairly common, mostly as benzoimidazoles

¥ DNA bases
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Ny A NH
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N NA B N)\NHZ
Adenine Guanine

"... 1 cannot help wandering whether some day a enthusiastic scientist will christen
his newborn twine Adenine and Thymine." F.H. Crick

# Histidine based pharmaceuticals
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General Approaches to Imidazoles part |

B Robinson-Gabriel / Davidson type synthesis from o-acy! aminoketones
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B From o-hydroxy ketones and formamide: Broderack reaction
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General Reactivity of Imidazoles

B Imidazoles survive most oxidation conditions. The exception is when being photooxidized.
They also are relatively resilient to most reductive conditions.

B Elecirophilic attack at Cg
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Fun with Imidazoles

B Miler's pepide-catalyzed asymimetric reactions
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Heterocyclic Chemistry: Thomas Gilchrist
Handbook of Heterocyclic Chemistry: Alan Katritzky
ACS Short Course on Heterocyclic Chemistry
Imidazoles: Hofrnann
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Pairing Rules for Minor Groove Recognition

<mm Py/Im targets C*G
0
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?\ <mm Py/Py targets AT and T-A
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5 \
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. Wade, Mrksich and Dervan J. Am. Chem. Soc. 1992, 114, 8783
Mrksich, Wade, Dwyer, Geierstanger, Wemmer and Dervan Proc. Natl. Acad. Sci. USA 1992, 89,7586
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