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Doy more versatile common methods that
e < ° gC e produce unsaturated rings of five and six
heters e members, for such rings constitute major
backbones on which more complicated JUC oo FZ,% ;
structures can be constructed.
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Most reactlons that fg;r:lg l@are of the
following two general types:
(1)1 lecular reactions, discussed between
two functionaljgoups@the ends of a chain; and
2)c Idition reactions, where two different
molecules with the proper unsaturation interact \ ~
with the formation of two new sigma bonds tying @r—@f\g aole o
the two molecules together. SO
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4.2.1. The Use of Familiar Reactions of Aldehydes
and Ketones

i
PN
4.2.1.1. Review. Th‘es‘farbonzl group of aldehydes and

7 ketones is 98
=N
d:‘,d,ﬁ asqF &-nd receptive to addition of common
Qcleophiless generally those that have “active” (i.e., not

]T“ nded arbon) hydrogen atoms.
1s mc u es ammonia, primary and secondary amines,

water,alcohols, and thiols (mercaptans). It is common after
the addition for a water molecgule to be eliminated, either
forming a carbon-he?g?gam ouble bondﬁﬂa carbon-C':C
carbon double bond, as directed by the structures. Examples
of each are shown in Scheme 4.1.
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4.2.1.2. The Paal-Knorr Synthesis of Pyrroles. The Paal-Knorr QB\%\GDE a} Lw
method makes use of a 1,4-di-carbonyl compound (aldehyde or ketone)
in reaction with primary amines or ammonia. Many pyrroles have been .\ \ &

made by this general process. Alkyl and some other substituents are
allowed on the dicarbonyl chain. Diketones, dialdehydes, and ketoaldehydes
all serve as@eactants? Primary amines give rise to 1-alkylpyrroles.

Examples of The overall process are shown in Scheme 4.2. H
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The process is illustrated in Scheme 4.3. An important feature to note is

)Ms b‘) that i )1119_‘4 2 rearranges to the enamine 4.3, which is the species
(A_y supplying an N-H group for attack on the second carbonyl group.
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4.2.1.3. The Paal-Knorr Synthesis of Thiophenes and Furans.
Hydrogen sulfide can replace ammonia in throcess

and provide a synthesis of the thiophene ring. As in the synthesis

of pyrroles, many 1,4-dicarbonyl compounds can be used in this process,

which is exemplified by the synthesis of 3,4-dimethylthiophene
(Scheme 4.4).
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Scheme 4.5
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When dilute aqueous acid is reacted with a dicarbonyl compound,
the reaction presumably follows the same course through water addition
to a carbonyl and provide (Scheme 4.6).

o QUYQV'
m{_\o—m ) M°|o |""

Scheme 4.6

< —~c9 iCOtY)Jamgi )

=
B ~c)ic&«r&%/ D

I -89 iRl

e Cans sP

~Thenere A\ @\pj

B

S

ﬁ@/fp

?ac\l —K(AOW C]:&:\’ \

&

Sipa) +1bS > Lhofpoe

n
()

'-EQW I %;«g_;

U

Ol Y- <— ;’Zﬁ

Ji-abls oo 5 ,LOU)ZW

H oo
Doﬁ\fb

()



Qé:ga’zinez D\ Z);QE

4.2.1.5. Synthesis of Pyrazines from 1,2-Diamii m
reaction of amines and carbonyl compounds can be applied to

the synthesis of pyrazines (1,4-diazines). Here, a 1,2-diamine is reacted
with an alpha-dicarbonyl compound. The usual reaction takes place to
form twa C=N bonds thus tying the two reactants together as viewed

in- Scheme 4.8. The product is a dihydropyrazine (4.9).

Mild oxidation converts the dihydropyrazine to the aromatic

pyrazine (4.10). - ZN\Q\

NH, O 3
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In practice, aliphatic diamines are less useful than ortho-
diaminobenzenes (also called ortho-phenylenediamines), and the

N\\Z o ;g::(::\m ; qh)nx k::;:; as a synthesis of benzopyrazines (quinoxalines, Wj l)
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A valuable extension of this process is to react a heterocyclic diamine [\] /

with a diketone. In Scheme 4.10, '.i\' employed.
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4.2.1.6. Formation of Pyrimidines from beta-Dicarbonyl and
1,1-Diamino Compounds. Yet another application of the amine—
carbonyl reaction is viewed in the construction of the pyrimidine ring.
Here a 1,1-diamino compound reacts with a beta-dicarbonyl compound,

as is outlined in Scheme 4.12.
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