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I.2. Diazine
They are two-nitrogen-containing heterocyclic compounds at the 1,2-, 1,3- and 1,4- positions

commonly referred to as pyridazine, pyrimidine and pyrazine, respectively.

1.2.1. Pyridazine (1,2-diazine)
3
2
4(:.’}‘ 1,2-diazine
5 \s N1 (pyridazine)

Synthetic methods:

v" Condensation of 1,4-dicarbonylic compounds (saturated or unsaturated) with hydrazine.

Il? R
/C\\
H% 0 I?IHZ = h‘
HC. 20 " NH,  2H,0 N
Fli R R= H, pyridazine

1,4-dicarbonylic

R= CgHs, 3,6-diphenylpyridazine
compounds

v’ Treatment of y-keto esters with hydrazine.

R
H C/C\\O N idati N
2 . I N 0X| ation N POCI H-/ Ni N
=
6 - ROH

v-keto ester

v" Using maleic anhydride and hydrazine as starting material.

1l

C
HG >o .\ POCI; SN
HC\%, NHz THO0 N 2HCI _N
o

maleic
anhydride

Structure and reactivity
The presence of the nitrogen atoms in the pyridazine ring produces a general
deactivation of the nucleus. Pyridazine may have two Kekule structures (1 and 2) and four

separated-charges structures (3-6).
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Kekule
structures

separated charges structures

Separated charges structures explain the inertia of this compound over the
electrophilic reactants.
Pyridazine is also stable to oxidizing and reducing reactants. Pyridazine carboxylic acids are

readily decarboxylated by heating to the melting point.

1.2.2. Cinnoline (benzo-(c)pyridazine)

5 4
6 3% benzo-(c)piridazine
7 N/,N 2 (cinnoline)

8 1

Synthetic methods:
v Cinnoline synthesis invokes formation of the pyridazine ring by the cyclization of a

diazonium salt which contains an acyl group in orto position.

I C|@ OH
C @C r\/
“CH3 NaNOz + HCI CH3 CH2 C\H _
-2H,0 Q .y | -HCI
NH, -NaCl N N CI —5 CI N~
o-aminoacetophenone
OH Cl
— POCl; "N Hy/Ni X
-Hel =N :N - Hcl 2N
N~ N T N
4-hydroxicinnoline 4-chlorocinnoline cinnoline

Structure and reactivity

» It has aromatic character and can be represented by the following limit structures:
X X = ] ZNO
-N -N X N ~ .
N* N* N’ N
1 2 3 4

» Is asolid, poorly soluble in water, soluble in organic solvents.
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» The cinnoline pyridine nucleus is stable to the oxidants by degrading only the benzene

nucleus. One example is the oxidation of 4-phenylcinnoline.

CGH5 CgH5
HOOC
~ KMnO, | =
=N -N
N HOOC™ N
4-phenylcinnoline 5-phenylpyridazine

3,4-dicarboxylic acid
> Electrophilic substituion occurs in benzene ring, preferable in 5™ and 8" positions. As

an example, sulfonation and nitration reactions can be cited.

H,SO
/ -H,0

HNO
~H,0

NO,
5-nitrocinnoline 8-nitrocinnoline

> Nucleophilic substitution occurs in pyridazine ring namely in 3™ position.

NH
@ “NaH \N’N

3-aminocinnoline

©\/\|(OH
N
N

3-hydroxicinnoline

» In reaction with alkyl halide quaternary salt is formed.

O o O ?
N/,N N NcH

cinnoline N-methylcinnolinium iodide

1.2.3. Phthalazine (benzo-(d)pyridazine)

5 4
6 \’}‘3 benzo-(d)pyridazine
7 2N2 (phthalazine)

8 1

Synthetic methods:
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v" Phthalic aldehyde condensation with hydrazine.

sadtoee
-2 H,0
oo N2 =N

o-phthalic aldehyde phthalazine

v" Condensation of an aromatic aldehyde with the hydrazide of a carboxylic acid.

H H
~ N
- \ T - H,O
© + N -HO ©/ NH Ho N-T2 N
benzoic 0=Cr 0=C, "o C\R R
R phthalazine derivatives
aldehyde
v From 0-acyl benzoic acid and hydrazine.
R\C_O R R
- NH, SN 1) POC|?, N
L= I 2)Hy/ Ni N
NH, -2 H,O N 2L [
¢=0 -HCI =N
o-acyl ber?zigic acid OH phthalazine derivatives

v' A phthalazine derivative, nepresol (an antihypertensive drug), is obtained using as

starting products phthalic anhydride and urea thus:

0 0 Q
c’ NH, C C—NH,
o + 0=C NH  —Ha Lb
; NH. NH, o _NH, -2H0
C\\ 2 - C02 \ C\\ 2
O urea 0
phthalic anhydride phthalimide phthalamide
HN—NH,
CN X
t°C SHoN=NH, ',\‘ 1,4-dihydrazinophthalazine
-2 H,0 CN -2 NH3 _N (nepresol)
phthalodinitrile HN—NH,

Structure and reactivity

» It has aromatic character and can be represented by the following limit structures:
@ .0
= B X A
x~_N _N N N' — N
s ©
1 2 3 4 5

» Is a slightly water and organic solvents soluble crystalline product. Forms salts with

strong acids.
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» The pyridazine nucleus of phthalazine is resistant to the action of KMnOj by

degrading only the benzene nucleus.

SN HOOC._~y,
I _KMnQ, | |
=N =N
_ HOOC
phthalazine pyridazine-4,5-dicarboxylic acid
» Reduction with Zn and HCIl degrades the pyridazine nucleus resulting in o,o-
diamino-o-xylene dihydrochloride.
XN CH,-NH,HCI
lll Zn/ HCI
Z CHy-NH,HCI
phthalazine o,a'-diamino-o-xylene dihydrochloride

» In reaction with alkyl halide quaternary salt is formed.

AN AN

N CHil Yo I©

_N N2
CHs

phthalazine N-methylphthalazinium iodide

1.2.4. Pyrazine (1,4-diazine)

4
5 N\
[]3 1,4-diazine
6 N/ 2 (pyrazine)
1

Synthetic methods:
v' Pyrazine and its derivatives are obtained by selfcondensation of a-aminoaldehydes or a.-

aminoketones in alkaline solution and in the presence of CuSO;, as catalyst.

R R

HZC/NHZ O\\C/R N\ | N\ .
; + , 2 H.0 Ji\ j/ i J: ]/ R=H, pyrazine
Cs _CH, 2 RN 2MH g\

R0 H,N R=CHj3;, 2,5-dimethylpirazine

Structure and reactivity
» Itis a solid substance with a slight odor of pyridine and has a basic character.
» By reduction with Na and alcohol it is converted to piperazine, a drug used in the
treatment of gout, and its citrate is used as an antiparasitic drug in veterinary

medicine.

H
N N
N _Na/ROH ;
| _ hexahydropyrazine
N N

(piperazine)
H
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» Piperazine is a strong base comparable to secondary aliphatic amines.

1.2.5. Pyrimidine (1,3-diazine)

4
5€N3
oL

1

Synthetic methods:

1,3-diazine
(pyrimidine)

v" Condensation of urea with malonic ester in ethanolic solution and in the presence of

sodium ethoxide.

COOR 1N ijL
HZC + / : _—
‘CcOoR H,N  -2ROH *

\N
/

OH

XN
POCls. SN 3Hi/Ni_ | /)
" 3HCI

malonic urea pyrimidine
ester barblturlc acid 2,4,6-tr|chloropyr|m|dine
v Condensation of urea with formylacetic ester.
COOR  pN Sy
H,C, + C oﬁH /g N POCIs. SN 22Hz|_/|glll | /)
Hc=o  HN  ~ ROH OH )\ -
formylacaic e 2,4-dihyd idi 2 4-d|ch|oropyr|m|d|ne pyrimidine
ester ,4-dihydroxypyrimidine :

(uracil)

v Condensation of guanidine with formylacetic ester sodium salt.

o gCO0R HN, ﬁ\ 1)POCI3
HC,  *  C-NHp —s=— 2) Hy/ Ni__
HC=o  H.N '_ﬁ?ga )\ - HCl )\
formylacetic ester . o
sodium salt guanidine 2-am|no-4-hydroxypyr|m|dine 2-aminopyrimidine

(pyrocytosine)

2-Aminopyrimidine is a raw material in the synthesis of sulfadiazine (a sulfamide).

v" Condensation of S-ethyl-isothiourea with formylacetic ester sodium salt.

® _COOR
Na © HN, -
HC, + L~=8-CHs "_RONa
HC:O HoN -H,O
formylacetic ester S-ethyl-isothiourea
sodium salt

OH
~ "N POCI
S ﬁ

N S_CZHS S Csz
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NH2 NH2
Z>N 4-amino-2-hydroxypyrimidine
_NH; ﬁ\)\ -CZH58H i\J\ (cytozine)
S—C,H;5 N~ OH

v Condensation of guanidine with acetylacetone.

HaC,
C-OH HN CH;
HC +  'C-NH
g 2 2H,0 2N
C=0 HoN J\
H,C N
3 guanidine H3C~™ "N~ "NH,
acetylacetone 2-amino-4,6-dimethylipyrimidine

Structure and reactivity

>

Due to the electronegative nature of the nitrogen atoms causes a general decrease in
the electron density of the CH groups in the pyrimidine nucleus and a more
pronounced decrease in the positions 2,4 and 6 as it results from the following

structures representing the distribution of electrons in this system..

®
~ "N ~N SN N ~ "N
(=) () )
N N No No NG
1 2 3 4 5
It is a solid, slightly water-soluble product with a basic character.

The aromatic character of pyrimidine is manifested by its high resistance to KMnOs.

For example, oxidation of the quinazoline (benzo-(d)pyrimidine) degrades only the

benzene nucleus, the pyrimidine nucleus remaining intact.

p s

HOOC 4 N3
quinazoline pyrimidine-4,5-dicarboxylic acid
Simple derivatives of pyrimidine (substituted with alkyl, aryl, halogen, nitro, etc.)
have aromatic character and chemical properties similar to pyridine (see pyridine).
The aromatic character of pyrimidine decreases as OH or NH, groups are introduced
at 2nd, 4™ and 6™ positions. Such compounds, such as uracil and barbituric acid, are
sensitive to electrophilic reactants.
Pyrimidine and especially its alkylated derivatives are sensitive to nucleophilic

derivatives. One example is the application of the Cicibabin reaction to 4-

methylpyrimidine.
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CHs CH,

KQN HalNH_ K\S{NHg “NaH ﬁ)\

4-methylpyrimidine 2-amino-4- methylpyrlmldine

> The substituents from 2", 4™ and 6™ positions are more reactive than those from 5
position. Thus, for example, the replacement of the chlorine in 2™, 4™ and 6™
positions by nucleophilic substituents allows the introduction of such groups as

alkoxy, amino, mercapto, etc.

OR
- =
-3 NaCl N
NS
RO”™ "N~ "OR
C NHR
= )'N\ 3 R—NH, ZN
-3 HCI I
)\NHR
24, 6 trlchloropxnmldlne
-3 HCI r\)\
1.2.6. Uracil (2,4-dihydroxypyrimidine)
OH
4
5| N3 2 4-dihydroxypyrimidine
~ uracil
S >N"2>0H (uraci)

1
Synthetic methods:
v Condensation of urea with formyl ester (see pyrimidine synthesis).

v Hoffmann degradation of a maleic acid diamide.

Q 0 0
_C-NH, _C-NH, C-NH
:g NaOH + Brp HG N2OH He” - ? transposition
N - Nabr HC. - - -
/C/:_NH2 ; HZO C //C'NH'BI' HC\/(/:_N_BI' NaBr
(0] ®
o O Na
\ ! O

! T

transposition Hg/ ) | /’K’ . ﬁ\lN
- NaBr HC_ M
“SN=C=0 N“ "o | \N)\OH
uracil

» Uracil is an important component of nucleic acids.

9



Lecture 10 Heterocyclic Chemistry Diazine

» Uracil may present several tautomeric forms by ”lactam-lactime” type represented by

I-IV formula:
0 0 0 OH
NH L o -~ >N
f:/go ﬁN\ Cl
H H N OH
] v
lactam lactam - lactime lactime

» Uracil is a colorless crystalline compound, soluble in water and organic solvents.

» A uracil derivative is thymine, a component of nucleic acids.

O
H,Cc. 2
3 ?fj\N:Ij 5-methyluracil
thymine
6 1N N0 (thy )
H

1.2.7. Cytosine (2-hydroxy-4-aminopyrimidine)
NH,

4
N3 2-hydroxy-4-aminopyrimidine

)\ (cytosine)

v' Tt is prepared by condensing S-ethyl-isothiourea with formylacetic ester sodium salt (see
synthesis of pyrimidine).
v’ It is a solid product, soluble in organic solvents, is a component of nucleic acids.

v By treatment with nitrous acid cytosine is transformed in uracil.

NH, N' -OH OH

_O=N-OH __ >N

)\ RO )\ -Nz <
N~ OH

cytosine isonitrosocytosine uracil

1.2.8. Barbituric acid (2,4,6-trihydroxypyrimidine)

OH
4
5| N3 2,4.6-trihydroxypyrimidine
HO ';‘/2 OH (barbituric acid)

v' Is prepared by condensation of urea with malonic ester in ethanolic solution and in the
presence of sodium ethoxide (see pyrimidine synthesis).

v' May present two tautomeric forms:

10
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OH 0
f — f
N H NH
I
\S
HO N)\OH 0] N/go
H
2,4,6-trihydroxypyrimidine 2,4,6-triketohexahydropyrimidine

v' It is a solid, colorless, insoluble product in cold water, soluble in hot water.
v" Barbituric acid is suitable for electrophilic substitution; the substituent always enters in
5" position.

v Halogenation with bromine affords 5,5-dibromobarbituric acid.

o) o)
H Br
2 Br. NH
TN e LK
0 >N o 2HBr 07 N0
H H

5,5-dibromobarbituric acid

v" With nitrous acid, 5-isonitrosobarbituric acid is formed.

4 0 0
HO-N
H NH  O=N-OH N NH
/g - H2O /g
07 °N" o 0~ "N" o
H H

5-isonitrosobarbituric acid
(violuric acid)

v" With concentrated nitric acid is transformed in 5-nitrobarbituric acid.

L0 o
ON
H NH _ HO-NO, H NH
/§ - H0 k

0" N O 0O N O
H H

5-nitrobarbituric acid

v With diazonium salts, coresponding 5-azoderivatives are formed.

o o
H o H
H:ijﬂ\NH X N=N—Ar Ar—N=N NH
PN X PN No
H H

5-azoderivatives

v With aliphatic aldehydes leads to 5-alkylidene substituted derivatives.

H @) 0]
R-CH
H NH O:CH-R N NH
/g - HZO /g
O N O O N O
H H

5-alkylidene substituted derivatives

11
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v" Some 5,5-disubstituted barbituric acid derivatives are hypnotic and sedative drugs. These
are obtained by condensation of urea with malonic ester previously disubstituted with

alkyl, aryl, cycloalkyl, etc. groups.

0

CoHs, COOR HZN\C - gzgs NH

CoHs” “COOR  H,N -2 ROH 75 N/KO
H

5,5-diethylmalonic
acid ester 5,5-dietylbarbituric acid
(veronal; barbital)

v' If the ethyl-phenylmalonic acid ester is used, 5-ethyl-5-phenylbutyric acid is formed.

O
C,Hs. COOR HaN, CaHs NH
+ C=0 CgHs /g
CeHs”™ “CoOR H,N -2 ROH N0
5-ethyl-5-phenylmalonic H

5-ethyl-5-phenylbarbituric acid

ester acid (luminal; phenobarbital)

v By phenobarbital reduction result cyclobarbital.

0] O
CQH5 CZHS
/,\i_l Zn + HCI i-'

0”7 °N” o O0” N O
H H
phenobarbital 5-ethyl-5-cyclohexenylbarbituric acid

(cyclobarbital)

These drugs are hypnotic, sedative and anticonvulsant; they cause a deep sleep that occurs

half an hour after administration for 4-12 hours.

1.2.9. Alloxan (tetraketo-hexahydropyrimidine)

O
O 4 -
3 NJ—I tetraketo-hexahydropyrimidine
/;_% (alloxan)
Q76 1” @]

v Uric acid oxidation with nitric acid, lead to alloxan.

H (@)
H/I/N\ I c=o _2HO-NO, S HN 0 HZNb &
N/ -2 N02 N + ~
N H ‘ o)\u O HN
uric acid
alloxan

v’ It is prepared by condensation of the urea with a mesoxalic ester.

12
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COOR HaoN o)
0=C{ I fﬁ'
COOR -
_ HzN 0~ "N~ SO0
mesoxalic ester H
alloxan

v In the anhydrous state they are in the form of yellowish-green crystals, which in the
presence of water become colorless.

v By energetic hydrogenation passes into dialuric acid.

(0] (0]
o OH
H/I/N\ 2[H] HN H
o” >N Yo O)\N 0
H H
alloxan dialuric acid

v" By soft reduction (ammonium sulfide), alloxantin — a molecular combination between

alloxan and dialuric acid is formed.

(@) (@)
0 0 OH H HO
HN O HN H HN (0] NH
A A A
0~ "N” 0 07~ "N” 0 0" N "0 0" N "0
H H H H

alloxan dialuric acid alloxantin

Treatment of alloxantin with ammonia results in the murexide, an orange red

product. The reaction is used to determine uric acid in the body (see purine - uric acid).

1.2.10. Thiamine (Vitamin By, Aneurine)
It is found in large quantities in rice bran and beer yeast. In lower concentration is found in
green plants and animal tissues.

Thiamine is a quaternary thiazole salt of the following formula::

&

Cl ® CHs

N CHZ_"i \\_CH,-CH,-OH

N
)l\ ~ S
H5;C N NH, Vitamin B4, Thiamine, Aneurine

The vitamin B, structure was determined by heating with sodium hydrogen sulphite which
cleaves the molecule into 2,5-dimethyl-4-aminopyrimidine (I) and 4-methyl-5-

hydroxyethylthiazole (IT).

13
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CHs

oSO  CH2"SOzH
a 3 +
Thiamine — NaCl L/SCHZ CH»-OH
|
suphonic acid of 4-methyl-5-hydroxyethylthiazole

2,5-dimethyl-4-aminopyrimidine
Vitamin B; is an important precursor for the production of the coenzyme -called

cocarboxylase. This is the thiamine ester with pyrophosphoric acid in the primary alcohol

group.
©
- @ 9 cHzCI® \CH3 b o
Thiamine—OH + HO-P-0O-P-OH -H20 /I\ k CHy- CHz'O—IID—O—P—OH
OH OH OH OH

Hz
pyrophosphoric acid

Cocarboxylase occurs in the decarboxylation of pyruvic acid in the body. The lack of vitamin
B1 in food leads to the accumulation of pyruvic acid and to the occurrence of "beribery"
disease (it stains the tears in yellow and especially the eyes). This disease is common in the

East Asian population, which feeds mainly on husked rice.

1.2.11.Quinazoline (benzo-(d)pyrimidine)

5 4

6 TN3 benzo-(d)pirimidina
) 2 (chinazolina)

8

v' Is obtained starting from N-formyl-0-nitrobenzylamine thus:

H_ H

—_N-H -H
CH™N _ _ _Zn+HCI CH~N - | NH | N
HC=0 ~3H,0 CH TH,0 J 2 /)
NO, NH, O N N
N-formyl-o-nitrobenzilamine N-formyl-o-aminobenzylamine  dihydroquinazoline quinazoline

v 1t is a solid product, soluble in organic solvents, it is a base and forms quaternary salts

with alkyl halides.

14



