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-1. Introduction. Scope and Aims

This review is concerned with the nature of the prod-
ucts formed in the diazotization of heteroaromatic pri-
mary amines in which the amino group is bonded directly
to the heteroaromatic ring. It is also concerned with the
further reactions of the diazotization products insofar as
these reactions are useful for structural elucidation. The
paper does not cover diazonium salts or diazo com-
pounds prepared by direct introduction of the diazonium
group or synthesized in any manner other than by diazoti-
zation of amines. A large number of reviews and discus-
sions have been published on diazo compounds and the
diazotization process,'-® but the diazotization of hetero-
cyclic primary amines has not been covered in detail pre-
viously. In general the diazotization reaction is now con-
sidered to involve the following equilibria at the relatively
high acidities used in most heterocyclic synthetic work,
the products being compounds 1-5. The controversy sur-
rounding the first step has been reviewed® and 1s not dis-
cussed herein since, except for the work of Kalatzis
(below), little or no systematic Kinetic studies on the
mechanism of the reaction with heterocyclic amines have
been carried out. Recent kinetic studies®.7 of the diazoti-
zation of aniline, in aqueous solutions of acidity up to 6.5
M perchloric acid, have indicated a rate-determining first

step which involves an initial attack of the nitrosating
agent on the aromatic ring of the protonated amine fol-
lowed by proton loss from the NHa* group and migration
of the nitrosating agent to the amino-nitrogen atom.
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The products 5 are diazo compounds which are gener-
aliy more stable than the other species. Such diazo com-
pounds arise when base is added to the diazonium solu-
tion or when the aromatic ring possesses a hydrogen
atom acidic enough to be donated to the medium, as is
sometimes the case with heterocyclic compounds. A pre-
vious review,® which dealt with one aspect of diazotiza-
tion in the heterocyclic series, was specifically limited to
diazo compounds such as 5. In the present paper com-
pounds of type 5 are considered to be of interest mainly
insofar as they indicate the precursory presence of the
diazonium form 4. Recently the synthetic chemistry of
various classes of organic diazo compounds has been re-
viewed,® and the reactivity of and the various types of
reactions undergone by aromatic diazonium ions have
been discussed.’® Albert'’ has described the diazotiza-
tion of six-membered heterocyclic amines in some detail,
and the present discussion is concerned with recent de-
velopments and the comparisons with five-membered
systems. Most books on general heterocyclic chemistry
describe earlier work on the more simple heterocyclic
amines, and these should be consulted along with ref 11,
The present review is considered to be complementary to
the existing literature, and references to earlier papers
are included only in cases where these are required for
important comparisons.

The nature of the products formed in the diazotization
of many primary amines of the less common five-mem-
bered heterocycles is a subject marked by a certain de-
gree of obscurity. Discussions of such systems are usual-
ly very limited or entirely absent from general books on
heterocyclic chemistry. This seems to have arisen, in
part, because workers were sometimes concerned not
with the products of diazotization themselves but with the
conversion of these products into other derivatives by
reactions which were often carried out in situ. In practi-
cally all such cases a diazonium salt is assumed to be
the diazotization product. Since the solution containing
the products will, in most cases, contain a number of the
species 1 to 4, the term “product” itself may be ambigu-
ous. Herein the product is taken to be the main com-
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pound which may be unequivocally detected or isolated
from the reaction, or, alternatively, the point at which the
sequence of reactions in Scheme | stops under the par-
ticutar conditions. A further difficulty arises in the present
work since in very few cases have diazotizations of het-
erocyclic amines been carried out under identical condi-
tions of acidity although in many cases conditions of
“strong acidity’” have been used. Despite these difticul-
ties useful generalizations can now be made. It is hoped
that the review will identify both the main ambiguities in
the field and the progress made and thereby stimulate
some further work.

The literature is covered up to ca. January 1974, Com- -

pounds containing the linkage -N=NNH- are referred to
as diazoamino compounds or triazenes. Substitution
reactions involving displacement of a diazonium group by
another atom or group are referred to in general as dedi-
azoniation reactions.'? For convenience heterocycles
containing OH substituents are referred to as hydroxy de-
rivatives in general, although the tautomeric ketone form
is usually the dominant form in such compounds.

1. Five-Membered (n-Excessive) Ring Systems.
Azoles

A. Pyrroleé and Diazoles
1. Pyrroles

Substituted 3-aminopyrroles, when treated with sodium
nitrite in acetic acid, readily yield 3-diazonium pyrroles,
e.g., 6, which may lose a proton to give 3-diazopyr-

R/H/ NH2

Ijﬁ HONO
R N R’
l
R(I
R N,* R N,
N N
FI{// 7

6, R'=H R =R"=R"=Ph

8. R =R’'"=R"”=R" =Ph

9 R =R"=R"=Ph; R"=H
roles.’® The diazonium salts 6 failed to couple with phe-
nols in acidic media, but coupling occurred when the
diazo compounds 7 were heated with 8-naphthot in chio-
roform. The N-substituted pyrrole diazonium salts 8 and 9
were formed by diazotization of the corresponding amine
in hydrochloric acid solution.#-8 These diazonium com-
pounds underwent normal dediazoniation reactions.
There are conflicting and contradictory reports'4.'€ of the
coupling ability of compound 8, the most recent ac-
count’ being that it undergoes normal coupling. 2-Diazo-
pyrroles have been prepared by direct introduction of the
diazo group'’ and not by diazotization of amires, few of
which are known. The 2-diazopyrroles are less stable
than the 3-isomers. Tedder® has discussed the chemistry
of a range of diazopyrroles including Bamberger’s early
work on 2-diazoindoles, and repetition here is undesir-
able. In general, the number of amino"pyrr'oles which has
been diazotized is small because of paucity of simple
amine derivatives. In those cases which have been in-
vestigated, either in dilute or concentrated acid, the dia-
zotization appears to proceed through to the final stages
of Scheme |, the products being diazonium or diazo com-
pounds.’
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2. Diazoles
a. Pyrazoles

Diazotization of 3-amino-1H-pyrazoles in strong acids,
e.g., concentrated hydrochloric or phosphoric acid, yield-
ed pyrazole-3-diazonium salts 10, while in acetic acid the
product was the diazoaminopyrazole'®.'® 11. The diazo-
nium saits 10 underwent norma! dediazoniation and cou-
pling reactions,20-22

NH, N,* X
C
// \<N HONO. {/ \<N upXs, {/ \<N
Ve strong acid Ve .
N N
H H

N
H
KF-NaF
HONOlHOAc 10 N F
=N—NH { \;
CHaNy N
\ ! H
SEES
N N H
A
12 13

The Sandmeyer reaction yielded 3-halopyrazoles, and
heating pyrazole-3-diazonium fluoroborates with alkali
fluorides yielded 3-fluoropyrazoles.29 When treated with
diazomethane, the diazonium salts formed the tetrazolyi-
pyrazole 12 along with pyrazolo[5,1-c]triazoie?'-22 (13).
Coupling of the diazonium salt 10 or the corresponding
diazo compound (readily obtained by treating compound
10 with base'®) with phenols yielded pyrazolotriazines 14
by an intramolecular condensation reaction which oc-
curred also under the coupling conditions.’:20 Pyra-
zole-3-diazonium chloride, when treated with 8-keto acids
or esters, gave products which spontaneously cyclized to
the pyrazolo-as-triazines?® 15. Coupling with compounds
such as ethyl cyanoacetate gave azo compounds of type
16 which also readily cyclized to pyrazolotriazines.2® Dia-
zotization of 4-aminopyrazoles in strong acids also yields
diazonium salts.24-28 Thus, for example, treatment of
4-amino-3,5-dimethylpyrazole with nitrous acid in hydro-
chioric acid yielded a stable crystalline diazonium chio-
ride 17 which coupled with (-naphthol.25.26 The corre-

—N
L0 T,

N§NJ\/I R

14 15
N=NCR'R"R" OF N, —— R
= . [ /N(
WAL N
N H

16, R'=H;, R” =CN; R = COOEt 17, R=Me

sponding diazo compounds are readily obtained by treat-
ing diazonium salts of type 17 with base.8:27.28 Recent-
ly,2® interesting reactions of 4-diazo-3,5-dimethylpyrazole
have been reported. For example, heating this compound
in benzene gave 4-phenyl-3,5-dimethylpyrazole as well as
3,5-dimethylpyrazole and biphenyl via a free radical reac-
tion, while heating in t-BuOH gave the azo compound 18
as the main product.2®
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b. Imidazoles

Aminoimidazoles are readily diazotized to diazonium
salts which give normal coupling and dediazoniation
reactions,3? thereby providing synthetic routes to a num-
ber of important pharmaceuticals. In many cases the
products of the diazotization have not been isolated but
treated further in situ. Thus a range of mono-, di-, and
trimethyl-2-nitroimidazoles 19, including 2-nitroimidazole
(Azomycin), has been prepared by treating the amine
with sodium nitrite in fluoboric acid followed by sodium
nitrite and powdered copper,3%:3! the so-calied3? nitro-
Sandmeyer reaction. Treatment of a range of 1-substitut-
ed-2-amino-4,5-diphenylimidazoles with nitrosylsulfuric
acid in the presence of aromatic hydrocarbons yielded
the corresponding 2-arylazoimidazoles3® 20. Similarly

R

I i HBF/NaNOp I"\J
)\ i NaNO,/Cu . R )\
NH, ii. Na u T NO,
( Rl
ArHlNO'HSO - 19, R*=H, Me
R
I\
R
T)\N=N—Ar
RI
20, R’ =H, alkyl

1-N-phenyl-2-aminoimidazoles, when treated with ni-
trosylsulfuric acid in phosphoric acid, yielded imida-
zo0[2,1-c]-1,2,4-triazines 21 by intramolecular coupling.3*

G R
©\_—_¢V NOHSO,
_—
N%k )\N%N

21

irradiation of imidazole-2- and -4-diazonium tetrafluoro-
borates in tetrafluoroboric acid solution has yielded a
number of 2- and 4-fluorocimidazole derivatives, the first
fluoroimidazoles to be prepared.35-37 These, in turn, have
provided routes to fluorohistamine derivatives.35-37 A
range of 2-substituted-4-amino-5-acylimidazoles has
been diazotized and coupled with dimethylamine to give

the diazoamino compounds3® 22,
N COR' COR’
= —a
N N
N==NNMe,

| Ng* |
H _ H
22, R = alkyl. R’ = OR

Diazotization of aminoimidazoles containing electron-
withdrawing groups yields diazo compounds directly.
Thus 2-amino-4,5-dicyanoimidazole, when treated with

NH,

Me,NH
—_—
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sodium nitrite in. hydrochloric acid, gave the diazo com-
pound 23 directly.3® The diazo compound 24 was also
obtained by diazotization of 5-aminoimidazole-4-carboxa-
mide hydrochloride with sodium nitrite in 1 M hydrochlo-
ric acid solution.*? The compound readily cyclized to the
2-azahypoxanthine 25 on storage in neutral, acidic, or

NC N=N"

N N HN—N
T Ty~
ne” N NH,co”

NH
23 24 N\/
25

basic aqueous solution,*0 and the cyclization was more
rapid than photofluorodediazoniation, thus preventing the
synthesis of 5-fluoroimidazole-4-carboxamide.3% Diazoti-
zation of 5-amino-4-(tetrazol-5-yl or 1,2,4-triazol-5-yl)im-
idazoles 26 with sodium nitrite in hydrochloric acid gave:
the diazo compounds*' 27. These were in equilibrium
with the imidazole-v-triazine ring systems 28. The influ-
ence of substituent and solvent effects on this equilibrium
has been discussed.*’

N—NH N
// \ﬁ N\> —_ )N\/F
\> J

NH;
26, X =N, CH 27 28

Iz

Diazotization of the 8-amino group (imidazole ring) of
purines occurs readily yielding diazopurines. These have
been discussed in detail previously®:1' and are not con-
sidered further here. in general it appears that the diazo-
tization reaction of aminodiazoies proceeds to the final
stages of the reaction. However, in view of the-results
quoted below, -a closer examination of the reaction with
ring N-alkylated diazoles under conditions of dilute acidi-
ty would seem to be desirable particularly since the dia-
zoamino compounds formed under these conditions
could also possibly arise from primary nitrosoamine inter-
mediates.

B. Triazoles
1. 1,2,4-Triazoles

A wide range of 3-substituted-5-amino-1,2,4-triazoles
29 has been diazotized, the products being diazonium
salts42-4% 30. Thus a number of diazonium salts of type

N—N N—N
e I ae? ]
SN—C~—NH, SN—C—N,* X
H H
29 30

30 with R = aryl,42.43 alkyl,44.45 carboxy, and carbome-
thoxy46.47 have been reported. The salts may be chlo-
rides, tetrafluoroborates, perchlorates, or nitrates, and
the ring N-H bond is reported to be highly acidic.#?
These diazonium salts are useful for further syntheses of
triazole derivatives. Azido-4® and hydroxydediazonia-
tion47.48 both occur readily and nitrodediazoniation with
sodium nitrite gives the 3-nitrotriazole derivative.#® The
parent diazonium saits 30 (R = H) have also been pre-
pared and coupled in high yields (78-82%) with N,N-di-
alkylanilines.3? Treatment of the compounds 30 (R = H)
with nitroalkane anions in NaOH solution yielded the hy-
drazones®? 31.
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Diazotization of the 4-N-substituted aminotriazoles 32
with sodium nitrite in hydrochloric acid yielded the stable
primary nitrosoamines52 33. The reaction was particularly
sensitive to the hydrochloric acid concentration, and best
yields of the nitrosoamines were obtained with ca. 18%
HCI although- optimum conditions varied with the amine
(Scheme 11). In more dilute acid solution the diazoamino

SCHEME i
N—N
R—(N j —_—y

AT 12 e\ NaNO,/HCI(20%) Ar
32 33

N—N
R—4N>—CI
Ar
35

NaNO ,/HCI(18%) ) "\‘
30 min R

NaNO,/HCI (5~10%)

N—N N—N
R—(N)—N=N—NHJ{N)—R

Ar Ar

34
R = n-alkyl, Ar=p-XCgH,

compounds 34 were the products and, when the diazoti-
zation solution was stirred for longer periods with slightly
more concentrated acid, the 3-chlorotriazoles 35 were
formed. The nitrosoamines 33 gave positive Liebermann
tests, and elemental and molecular weight analyses were
consistent with a nitrosoamine or diazohydroxide struc-
ture. They were reduced to the corresponding hydrazones
under mild conditions with zinc dust in acetic acid and
gave azo-coupling reactions with N,N-dimethylaniiine in
acidic alcoholic solutions.52 The diazotization of the
4-N-substituted triazoles 32 therefore contrasts with that
of the N-unsubstituted cases by stopping at an earlier
stage. This phenomenon is a feature of the diazotization
of many amines of the higher azoles (below) and pro-
vides direct evidence for the intermediacy of primary ni-
trosoamines in the diazotization process.

Primary nitrosoamines have not been isolated with
4-N-substituted-1,2,4-triazole systems where the 4-N
substituent is itself reactive. Thus, when the 4-N-sub-
stituent is an amino group, N-deamination occurs along
with normal diazotization of the C-amino group, and the
products are the compounds 30 (R = H).53.54 |f the
4-N-amino group is protected by acylation, e.g., com-
pounds 36, diazotization yields the triazolyl azide 37 in an
interesting reaction and no nitrosoamines have been de-
tected.55.5¢ A mechanism involving a triazolotetrazole in-
termediate (Scheme 111) has been suggested.55

The primary nitrosoamines 39 and 40 have been re-
ported from the diazotization of 3,5-diamino-1,2,4-triazole
38 with sodium nitrite in dilute acetic acid.5” Concentrat-

R. N. Butler

SCHEME i}
N—N

NaN02
R"(N)—NHz HCT 20%) R_QN)—Na

37

COOEt
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ed hydrochloric acid converts compound 39 to a diazoni-
um chioride.57.58 The material 39 has also been prepared
in more recent times®® when it was treated with hydro-
chloric acid and coupled with the parent amine 38 to give
the diazoamino compound 41, without particular refer-
ence to its structure. A modern structural confirmation on
compounds 39 and 40 seems desirable. They are the

N—N
N L vy )—NHNO ke
H
38 39

N—N 38
NHZ—%N )—Ngcr -
:—N N—N
NHQ—(N N NN N)—NH2
H H

41
N—N
onnH—L_ N)—NHNO
H

40

only such compounds containing a labile H atom on the
heterocyclic ring, and they contrast with the other
ring-unsubstituted 1,2 4-triazoles discussed above, al-
though -these compounds have not been diazotized in di-
lute acetic acid solution. For example, the evidence quot-
ed®® for structure 40 is a reduction to the dihydrazine
with stannous chioride and concentrated hydrochloric
acid and the cleavage of nitrous acid from the compound
on warming with dilute hydrochloric acid. Such reactions
are not conciusive proofs for the primary nitrosoamine
structures.5%a It is also of interest that the compounds 33
gave positive Liebermann nitroso reactions while the ma-
terials 39 and 40 did not. Also in cases where some other
heterocyclic amines have been diazotized in aqueous
acetic acid or very dilute mineral acids, diazoamino com-
pounds were formed, e.g., compounds 11, 34 (also 48
below). These often separate as hydrates and are
cleaved by concentrated hydrochioric acid to hydrazines
and amines. Nitrous acid deamination of both N- and
C-amino groups in 1,2,4-triazoles has also been used in
triazole synthesis to prepare parent ring systems, particu-
larly with fused triazolo heterocycles.8°
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2. 1,2,3-Triazoles

In general, there have been few reports of diazotization
of amino-1,2,3-triazoles.® The diazonium salt 42 of
4-phenyl-5-amino-1,2,3-triazole has been prepared and
coupled with acetylacetone and similar carbony! com-
pounds in aqueous ethanol containing sodium acetate to
give triazolotriazines of type®' 43. This useful reaction
may involve the diazo form of compound 42.

R N=N
\ /
?=O N=N R N/ Ph
+ —
CH, HN%Ph R—\AN
Vv
R N,* ClI- 43

42

The diazo-1,2,3-triazole 44 was formed directly when
5-amino-1,2,4-triazole-4-carboxamide was treated with
pentyl nitrite in aqueous acetic acid.*® When the reaction
was carried out, using sodium nitrite in aqueous acetic
acid followed by adjustment of the solution to pH 9 with 1
M NaOH, the product was the 2,8-diazahypoxanthine
45, resulting from cyclization of compound 44.

P
/;\I—N N O
N —CONH, — )=
HN N
N
2 45
44
C. Tetrazoles

Diazotization of 5-aminotetrazole®2-64 with sodium ni-
trite in hydrochioric acid readily yields the diazonium salt
46 which is highly explosive.®5 Recently, Shevlin®3 has
isolated compound 46 as a crystalline solid by treating
5-aminotetrazole with isoamyl nitrite in THF containing
hydrochioric acid. Controlled thermal decomposition of
compound 46 has been used to produce atomic carbon
whose reactions with carbon monoxide and ethylene
have been reported.63.€4 Hydrogenodediazoniation of
compound 46 with hypophosphorous acid has been de-
veloped as an effective synthesis of tetrazole itself, par-
ticularly by carrying out the diazotization of the readily
available 5-aminotetrazole in hypophosphorous acid.®®
Reduction of the salt 46 with SnCl, in HCI yieids the cor-
responding hydrazine.®” When the labile hydrogen atom

>—N ol 2 ="

N
46

/_
of the tetrazole ring is replaced by an alky! or aryl sub-
stituent, diazotization of 1- or 2-substituted 5-aminotetra-
zoles with sodium nitrite in 10% hydrochloric acid paral-
lels that of the ring-substituted 1,2 4-triazoles and the
products are the stable primary nitrosoamines®8-70 47,
These compounds are readily reduced to hydrazines by
zinc dust in agueous acetic acid,®® a characteristically
easy reaction aiso observed with secondary 5-nitrosoami-
notetrazoles.”! Heating the compounds 47 in aromatic
hydrocarbons resulted in displacement of the nitrosoam-
ine moiety in a Gomberg-Bachmann-type reaction which
yielded the corresponding 5-aryltetrazoles,®® probably by
homolysis of the diazohydroxide form 47a. Spectra of the
nitrosoamines suggest that the main structural contribu-
tions come from the tautomeric forms®? 47 and 47a. Dia-

— C + 3N,
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N—N N—=N
Tl\‘l—l\}_NHz FE%’ rﬂl—N\>_NHNO —_

R R
47

N—N
|| \>——N=NOH
i

R = benzyl, p-XCgH, R
47a

zotization of 2-benzyl-5-aminotetrazole also yielded a pri-
mary nitrosoamine as a viscous oil. On the other hand,
treatment of 2-methyl-5-aminotetrazole with amyl nitrite
in aqueous acetic acid’? or sodium nitrite in dilute nitric
acid’3® yielded. the diazoamino compound 48, and the pri-

Me—nl— N\ HONO
>_NH2 FoAe

Me—N— N—N—Me

| \>——N—N—-NH—</

48

mary nitrosoamine was not encountered, although com-
pound 48 could have been formed from it. A primary ni-
trosoamine has been reported®® from the diazotization of
1-methyl-5-aminotetrazole, but recent attempts$9.70 to
isolate this compound have been unsuccessful and only
with larger ring substituents were the compounds 47
readily encountered.

D. Oxygen Azoles

Treatment of the 5-aminoisoxazole 49 with nitrous acid
in a large excess of hydrochloric acid yielded the corre-
sponding 5-chloro derivatives’4 50 probably via a diazoni-
um salt. When the 4-ethoxycarbony! substituent was re-
placed by a methyl group, degradation of the ring oc-
curred under the same conditions, yielding compound’s

51. Wieland’® in 1903 reported that diazotization of
R Me
Me HONO, :
S
& NconH, R=Me g Y07
49
COOEt Me
[\
c” 07
50
HON==N Ph
3
)a
cr O
52, R=H
53. R=Me

3-phenyl-4-aminoisoxazole gave an unstable diazo com-
pound which may have structure 52. Diazotization of
5-methyl-4-amino-3-phenylisoxazole with sodium nitrite in
dilute sulfuric acid has also been reported.”” The prod-
uct, which may have been a form of compound 53, was
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not investigated but treated in situ with concentrated hy-
drochloric acid to give the corresponding 4-chioro deriva-
tive or heated directly to give the 4-hydroxy derivative.??

Diazotization of 2-aryl-5-amino-1,3,4-oxadiazoles with
sodium nitrite in 10% hydrochioric acid gave the stable
primary nitrosoamines®?.70.78 54. These compounds give
positive Liebermann nitroso tests and undergo the ready
reduction to hydrazines and the homolytic displacement
of the nitrosoamino group already mentioned for the te-
trazoles 47 above.®® Infrared spectra suggest the pres-
ence of both forms 54 and 54a.

N—N N—N
Ar_(o)—NH—No = Ar-{/O)—N=N——0H

54 54a

Diazotization of 2-aminobenzoxazole 55 with sodium
nitrite in dilute hydrochloric acid has been reported’® but
the products were not isolated. The solution instead was
treated with concentrated hydrochloric acid and yielded
2-chlorobenzoxazole,’® as would be expected whether
the initial product of the diazotization in dilute acid was a
diazonium sait or a primary nitroscamine.

O i. NaNO,/HC! dil 0
@EN)— NHp i ooneanc N/>_ c

55

Recently, an interesting reaction of the mesoionic oxa-
triazolio amide 56 with nitrous acid has been re-
ported.80-82 The product was the unstable N-nitroso com-
pound 57, which lost nitrogen on warming to room tem-
perature yielding the oxide 58. Treatment of the 2-imi-

N0 N=Q ,
HONO :
PN, & )—NH“ ~5 PhN\®)—N'—N=O —
N N
56 57
N—0
lo\
PN, \ o
58

no-1,3,4-oxadiazoles 59 with nitrous acid also resulted in
nitrozation of the exocyclic imino-nitrogen atom yielding
the nitrosimines®® 60. These hydrolyzed to triazolones
when heated in water .83

R _4 %NH HONO

N—N R’ —NR'

R—{ )=NNO no R—<

E. Sulfur Azoles
1. Thiazoles and Isothiazoles

2-Aminothiazoles and 2-aminobenzothiazoles are read-
ily diazotized to diazonium salts, e.g., 61 with sodium ni-
trite in strong oxyacids such as phosphoric acid.®4 sulfu-
ric acid,®5 or nitric acid.®5 In concentrated hydrochloric
acid the diazonium salts react rapidly and 2-chlorothia-
zoles are formed.85.85 The diazonium salts couple nor-

R. N. Butler

mally with aromatic hydrocarbons and phenols.84 Normal
dediazoniation reactions, e.g., 61 — 62 are also ob-

R— S
R”IN/>_ Y
62

RI S ’ S .
i S g
61

dilute acid l NaNO,

: S
R —_—-[ concd
R | N/>—N=N_OH HC!
63’ RI - RII =

served.?” A wide range of dediazoniations with thiazole-
2-diazonium tetrafluoroborates 61 (X~ = BF4;~; R’, R"’
= alkyl, aryl) has been achieved, and substituents such
as Ci, Br, |, F, and N3 have been introduced at the 2 po-
sition.88.89 |ntroduction of the azido substituent leads to
thiazolo[3,2-d]tetrazoles.88 A range of 2-nitrothiazole de-
rivatives, e.g., 64, of potential pharmaceutical value has

N NaNO/Cu
o, e ;'\rmz ;\>
R

R= 1,2,4-oxadiazol-3-yl

S
| N,}—cn

been prepared by diazotization of 2-aminothiazole deriva-
tives with nitrous acid in the presence of copper by the
nitro-Sandmeyer reaction.?%-%3 In some cases hydrogeno-
dediazoniation occurs as well as the nitrodediazoniation,
yielding deaminated products,®® e.g., 65. Diazotization of
2-aminothiazole in dilute acid solution gave an unstable
orange red solid thought to be the diazohydroxide®5.94
63. This solid, when treated with concentrated hydrochlo-
ric acid, gave 2-chlorothiazole. Aprotic diazotization of
2-aminothiazoles with isoamyl nitrite in aromatic hydro-
carbons has been used to%%:9¢ obtain thiazol-2-y) radicals
by thermolysis of diazoates such as 63 (OH replaced by
O-alkyl) in a reaction similar to that observed with the
compounds 47 and 54. Attempts to obtain thiazolynes by
treating 2-aminothiazoles with isoamyl nitrite in ethylene
chloride were unsuccessful.?’

The diazonium salts 66-68 have been isolated from the
diazotization of 3-, 4-, and 5-aminoisothiazoles with nitro-

No*BF,~ Ny BF, Ph
[ W T\N | W
/ / /
o S s /s
67 BF, N,
66 ‘
68

syl tetrafluoroborate in a 1:1 mixture of acetic and propi-
onic acids.?® These diazonium salts undergo coupling
and dediazoniation reactions.%9-%1 |sothiazolediazonium
salts may also be generated in solution for further reac-
tion by treating the amine with sodium nitrite and con-
centrated acids.®®

When the 5-aminoisothiazoles 69 were treated with so-
dium nitrite in dilute sulfuric acid, 80% phosphoric acid,
or formic acid, the stable primary nitrosoamines 70 were
obtained.?® These compounds, when heated in methano!,
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Me R R Me
@N=NNH@

7
Me R Me R

BF3/Et,0
R/\:g—NH2 Hoe, @NHNO —

69 70
Me R

72
R = COOEt, C==

gave the diazoamino compounds 71. Treatment of the ni-
trosoamines 70 with boron trifluoride etherate gave the
diazonium fluoroborates 72. The nitrosoamines 70 are of
particular interest since they are among the few such
compounds which do not have the nitrosoamine moiety
bonded directly to a C==N unit (cf. section |1.F).

2. Thiadiazoles

Diazotization of 5-amino-1,2,4-thiadiazoles 73 with so-
dium nitrite in 2 N sulfuric acid yielded the stable primary
nitrosoamines'%92 74. Infrared and ultraviolet spectra were
consistent with the primary nitrosoamine structure of the
compounds, and alkali solutions of the compounds
showed properties characteristic of an anti (iso) diazoate
form.192 Electron-withdrawing substituents stabilized the
nitrosoamines, and a dilute acid medium for the diazoti-
zation gave enhanced yields of the compounds. The yield
of the nitrosoamine, in fact, varied aimost inversely with
the acidity of the medium.'92 |n acidic solution the nitro-
soamines were in equilibrium with the diazonium form,

T =

z{;& NH

73

T
fe
R
N
= 2/\—S>_ NHNO
74
R %OH R
N N
2\:)—— N=NNH —4:}%

75

R
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and coupling with B-naphthol and both chloro- and hy-
droxydediazoniations were possible.’92 When heated in
methanol, two molecules of nitrosoamine combined to
form the triazenes'%3 75. The 1,2,4-thiadiazole-5-diazo-
nium salts 76 have been obtained by a number of routes
as shown'% (Scheme IV). These compounds undergo

SCHEME IV
R o8F -
7 "\‘ . NO*BF,
N\S)_ H, HOAG .

HX in HOAc

R7—N
/ }
N )—NHNO or BF 5 in EL,0 N\S\ N%+'X_

- 76
BFin Et,0
N/\S>—N=NOR’ —

dediazoniation and coupling reactions®* thereby providing
routes to a wide range of 5-substituted thiadiazole deriva-
tives.'%4 Diazotization of 3-amino-1,2,4-thiadiazoles 77
also gave diazonium salts 78 but with these compounds
primary nitrosoamines have not been encountered.104-107
The compounds 78 were unstable'%” but useful dediazo-

NH2>— X Nz*\>_N
)—R or:SN(ED’:AHCI N/\ )_ R
S
77 78

niations have been achieved.94-197 For example, heating
the diazonium fluoroborate gives the corresponding 3-flu-
orothiadiazole.'%* Sandmeyer-type reactions were best
carried out in situ with the reagents present during the
diazotization.1%¢ |nterestingly, when the compound 77 (R
= Ph) was treated with nitrous acid foliowed by an ex-
cess of sodium hydroxide, the expected sodium diazoate
was not encountered.’®’ Instead the product proved to
be the triazene sait'%? 79. The failure to detect or isolate

Ph

Ph
77 1. HONO 7—N N
—_— _
R = phy 2 NaOH S, A N=N—N"—K &
(R =Ph} N Na* N—

79

primary nitrosoamines from the 3-amino-1,2,4-thiadia-
zoles suggests a particular instability for these nitrosoam-
ines which is not easily explained although amino groups
between two sp? nitrogens are known to be exceptionally
unreactive. Goerdeler'%2 has pointed to the loss of the
resonance form comparable to 74a of the 5-nitrosoamino
compounds 74 as a possible explanation for the failure to
detect 1,2,4-thiadiazole-3-nitrosoamines.

R R
= b
74 <> -\ )=NH+_NO N )=NH*N0
\S S
b

Diazotization of the amino-1,3,4-thiadiazoles 80 with
sodium nitrite in dilute hydrochloric acid readily gave the
stable primary nitrosoamines®°.198 81, These compounds
underwent the reduction and homolytic replacement
reactions®® already discussed for compounds 47 and 54.
When the aminothiadiazoles 80 and 73 were treated with
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sodium nitrite in phosphoric acid solution, diazonium
salts were the products. These exhibited a high coupling
reactivity which surpassed even that of diazotized 2,4-di-
nitroaniline.84 The nitrosoamine 82 has been reported

N—N
HONO / \
NH, = Ar NHNO
S
81
N—N
NH2—< )—NHNO
S
82

from the diazotization of the corresponding diamino com-
pound with sodium nitrite in 12% acetic acid.”® The com-
pound did not give a Liebermann nitroso test, and the
comments made above in regard to compounds 39 and
40 are also applicable. Diazotization of the 5-ami-
no-1,2,3-thiadiazole 83 in 2 N sulfuric acid also yielded a
stable primary nitrosoamine'%® 84. |n acidic solution this
compound gave dediazoniation reactions with such
groups as OH, Cl, and Br and it also exhibited diazo cou-
pling with 3-naphthol.'%? The compound 84 is also of in-
terest since the nitrosoamino group is not bonded directly
to a C=N moiety.

Ar—(S \

80

CO,Et CO,Et
N N
7\ HoNo_ X
Ng” e ~ N NHNO
)
83 84
CO,Et
N
i \
N X
S
X = OH, Cl, Br

In a recent attempt to generate 1,2,5-thiadiazolyne by
diazotization of 3-amino-1,2,5-thiadiazole-4-carboxylic
acid, a fragmentation of the intermediate diazonium salt
85 was observed,''? and the thiadiazolyne was not en-
countered. Decompaosition of 5-amino-1,2,3,4-thiatriazole
also occurred when it was treated with nitrous acid in an
attempted diazotization.84

COOH N,
NC
b N . .
N —> C=N—S" —> trapping
~8” HOQC/ products
85

F. Nitrosation vs. Diazotization. Stability of
Primary Nitrosoamines

The special stability of the primary nitrosoamines and
their significance in the diazotization process is consid-
ered here. In general, while primary nitrosoamines have
been considered to be unstable intermediates in the dia-
zotization of carbocyclic . aromatic amines, attempts to
isolate and characterize pure samples of such com-
pounds from normal diazotization reactions have not
been successful because of their inherent instabili-
ty.111-115 These attempts, in general, invoived careful
acidification of basic solutions of para-substituted ben-
zenediazoates where the para substituent was electron
withdrawing. Thus, for example, a white solid obtained,

R. N. Butler

by acidification of potassium p-benzoylphenyldiazoate,

was assigned the primary nitrosoamine structure!'! 86

from a comparison of its spectroscopic properties with

those of secondary nitrosoamines. Similar solids which

may be compounds 87 and 88 have also been isolat-
2. CO, or

x—©—N=NO' M*
3. HCI (1 equiv)
—O—N=N0H or XONHNO

86, X =PhCO (ref 111)

87, X =NO;
’ -11
88, X = Cl (ref 112-115)

1. HOAc or

ed13-115 py carefu! acidification of the corresponding al-
kali diazoates with acetic acid, carbon dioxide bubbling,
or 1 mol of hydrochloric acid, but definite structural as-
signments could not be made because of the instability
and impurity of the compounds.''2 Primary nitrosoamines
of substituted anilines have, however, been obtained by
treating the amine with NOCI at —78° in an anhydrous
medium under an atmosphere of nitrogen.''® These had
ultraviolet spectra similar to those of the corresponding
secondary alkylnitrosoamines.''® In view of the difficul-
ties associated with the instability of the carbocyclic pri-
mary nitrosoamines, the stable heterocyclic primary ni-
trosoamines, which are isolated directly from the diazoti-
zation reaction, afford striking evidence for the intermedi-
acy of such species in the diazotization process.

In theory the heterocyclic primary nitrosoamines could
exist in any of the tautomeric forms 89-93 (Scheme V).

SCHEME V
’/O
7\ N
Y\Z/C NHN Y\Z /C N-—
89 90
X—N
7\
N==N
OH
91 anti
X—N---H —
gy \o ., 7\
Ny \ / Y\Z/C——N2 OH
N=N 93
92 syn

The imino form 90 has been ruled out by all of the work-
ers who have isolated primary nitrosoamines to date, and
spectroscopic evidence for contributions from forms 89
and a diazohydroxide form has been obtained in recent
work. Thus the nitrosoamines generally show a nitroso
stretching absorption at ca. 1500-1560 cm~—" and an OH
bonding band similar to that in oximes at ca. 1435 cm~—1.
Diazonium absorptions at ca. 2220 cm~ are entirely ab-
sent. Exocyclic imino absorptions for the particular heter-
ocycle are also absent as judged by comparisons with
model imino compounds.®9.102 Ultraviolet spectra of the
nitrosoamines are generally aimost identical with those of
corresponding secondary alkylnitrosoamines and are
quite different from the ultraviolet spectra of model sec-
ondary nitrosoimines.®9.102 Such data, therefore, rule out
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the possibility of contributions from a form such as 90.
Ultraviolet spectra of tetrazolyl nitrosoamines 47 in sodi-
um hydroxide solution showed absorptions at Amax
273-276 nm which compare with the anti benzenedia-
zoate absorptions at ca. 270-280 nm. The homolytic
Gomberg-Bachmann-type reactions exhibited by the ni-
trosoamines®® aiso suggest the presence of a diazohy-
droxide form. No detailed study appears to have been
made on the possibility of syn-anti isomerism in solution,
and such isomeric forms have not been encountered. An
investigation of this nature might prove fruitful since the
nitrosoamines are stable and can be purified. On the
other hand, with the carbocyclic compounds, where
these intermediates cannot be isolated in pure form, ex-
tensive and controversiall12.117-122 gtydies on the equilib-
ria of the syn and anti isomers which exist in solution at
various pH’'s have been carried out. However, it seems to
be generally accepted now that both syn and anti forms
of diazoates and diazohydroxides do exist in solution and
that the diazonium form arises from the syn diazohydrox-
ide.10.112,122,123

Among the various types of heterocyclic amines from
which primary nitrosoamines have been isolated, three
common structural features which appear to favor the
formation of the nitrosoamines are recognizable. (i} Elec-
tron-withdrawing substituents and electron-withdrawing
rings tend to stabilize the nitrosoamines probably by res-
onance as in forms 74 <> 74a <> 74b. This stability is
also probably reflected in the general observation that
primary nitrosoamines are more ubiquitous among the

higher azoles. (ii) The presence of labile ring protons ap-.

pears to militate against the nitrosoamines and to favor
the diazonium forms. This is clearly evident with the
1,2,4-triazoles and tetrazoles, and indeed the only pri-
mary nitrosoamines encountered with a labile proton in
the ring were the compounds 39 and 40. (iii) With the ex-
ception of the compounds 70 and 84 all of the primary ni-
trosoamines isolated have the nitrosoamino moiety bond-
ed directly to a >C==N unit. The compounds 70 and 84
each have the nitrosoamino group bonded to a >C==C<
unit, but the a-carbon atom in each case carries a sub-
stituent capable of hydrogen bonding with the N-H of the
nitrosoamino group, €.g., 94, and, as suggested by Goer-

\ﬁ/ ‘\\O

S
\

NO

94

deler and Gnad, (cf. ref 109, footnote 16), such hydrogen
bonding may stabilize the nitrosoamine. The conditions of
the diazotization may also favor either nitrosoamine or
diazonium formation and, in general, the acidity of the
medium appears to be critical. Nitrosoamines are favored
under dilute acid conditions, and diazonium formation is
favored under strong acid conditions. It is relevant to
mention, at this point, that the three structural features
(above), which appear to favor primary nitroscamine for-
mation with the five-membered ring systems, are aiso
present in most six-membered heterocyclic amines; e.g.,
2-aminopyridine has a deactivated ring, no labile hydro-
gen atoms, and the amino group bonded to a C=N unit.
Yet stable primary nitrospamines of the six-membered
heterocyclic systems have not been isolated or even di-
rectly detected and, if nitrosoamines are involved during

Chemical Reviews, 1975, Vol. 75, No. 2 249

diazotization of these systems, they must be highly un-
stable.

In the absence of definite kinetic data on the equilibria
involved in the heterocyclic diazotization solutions, it is
not possible yet to fully rationalize the above observa-
tions. However, it is tentatively suggested here that the
isolation of the primary nitrosoamines must imply a stop-
ping of the sequence of equilibria 89 — 93 at some point
prior to the formation of the diazonium form. If the isom-
erism already established for the carbocyclic amines aiso
applies in the heterocyclic case, then a likely stopping
point in the sequence is a stabilization of the syn dia-
zohydroxide form 92 by an intramolecular hydrogen bond
as shown. Labile protons undergoing annular tautomer-
ism should disrupt this stabilization, thereby allowing dia-
zonium formation to occur. Strong acid, by protonating
not only the nitrosoamino moiety but also the cyclic
>C==N- lone pair, should prevent this stabilization and
therefore favor diazonium formation. The amino deriva-
tives of the six-membered nitrogen heterocycles are con-
siderably stronger bases than those of the higher az-
oles,’?* and imidazole alone among the azoles compares
with them in basicity.'?* Hence, even in dilute acidic so-
lution the cyclic >C==N- lone pair of the six-membered
heterocyclic ring may be considerably more protonated
than that of the five-membered ring, and stabilization as
in form 92 may thus be prohibited for these compounds.
Kalatzis'?% has investigated the kinetics of diazotization
of 4-aminopyridine in 0.0025-5.0 M perchloric acid and
found that the reaction proceeds by a single mechanism
over the entire range of acidity. The reaction, which
showed a rate dependence on the ionic strength of the
medium, was acid catalyzed and first order in amine and
nitrous acid. The rate was comparable with the rates of
nitrosation of N-methylaniline® and diazotization of ani-
line,” and the results were interpreted in terms of a reac-
tion between the ring-protonated amine and nitrous aci-
dium ion leading to a primary nitrosoamine and subse-
quently to a diazonium salt. Kalatzis'®® suggested that
the nitrosation of the amino moiety was facilitated by the
formation of an initial complex between the nitrous aci-
dium ion and the electrons of the aromatic ring. These
conclusions are in agreement with the synthetic work on
the five-membered amines, and the data also suggest
that ring protonation may account for the failure to isolate
stable primary nitrosoamines with six-membered systems
with basicities similar to that of 4-aminopyridine. The
question as to whether the primary nitrosoamines of the
five-membered systems are protonated in the relatively
dilute acidic solutions from which they are obtained has
not been investigated. Indeed, at the present time, possi-
bly the most obscure area in the diazotization of the
five-membered heterocyclic amines is the early part of
the reaction. The early steps in aqueous diazotization of
carbocyclic amines have been categorized into three
types: (i) uncatalyzed, (ii) hydrogen-ion catalyzed, and
(iii) anion catalyzed.'2® Until such an analysis is possible
for the full heterocyclic series, the general synthetic pat-
terns recognized herein will not be fully rationalized.
Hence the above suggestion must be viewed in this light
and in the further realization that amine protonation ef-
fects in the heterocyclic series may be considerably
more complex than in the carbocyclic series. For exam-
ple, while diazotization of amino derivatives of the higher
five-membered azoles may lead to diazonium salts in
concentrated acid and to primary nitroscamines in rela-
tively dilute acids, in some cases the reaction in very di-
lute acid leads to triazene derivatives directly, e.g., com-
pounds 11, 34, and 48.
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l1l. Five-Membered Ring Systems.
Miscellaneous and Non-Azoles

Little work has been carried out on diazotizations of
five-membered heterocyclic amines with ring systems
other than those described above, mainly because of
paucity of suitable stable amines. In the furan series,
2-methyl- and 2,5-dimethyl-3-aminofuran have been
treated with sodium nitrite in 10% sulfuric acid solu-
tion.'2”7 Transient blue-green colors were observed after
each addition of sodium nitrite, and the diazotization
product coupled normaliy with 8-naphthol but not with di-
methylaniline.'?” Normal dediazoniation reactions could
not be carried out. However, the coupling reaction with
B-naphthol may suggest that a diazonium group was in-
deed present at the furan 3 position. Preparation of a
furan with a diazonium group at the 2 position, compound
95, has also been achieved but not from the parent
amine.'?® This diazonium compound underwent normal
hydrolysis and .also gave the interesting reactions out-
lined in Scheme VI.

SCHEME VI

ArCOCH,N, 2, [ ; l ;
N,*BF Ar

NaO! / gsMe&4
" x x yr ArU_N_NIﬁ

2-Aminothiophene has been successfully diazotized in
the form of a double salt (C4H3S-NH2-HCl)2~SnCls, in
10% hydrochloric acid solution with sodium nitrite, 129,130
The product was a diazonium salt which gave a wide
range of coupling reactions leading to a number of azo
dyes in the thiophene series.’™° Recently, the diazotiza-
tion of the 3-aminothiophene-2-carboxamides 96 in con-
centrated hydrochloric acid has been reported to yield
the thieno-1,2,3-triazines'®' 97. This reaction parallels
those observed with compounds 24 and 44 above. A sim-

NH, Y v
/ \ NaNO, N/N
NH—C—{ d—sme T |
g S~ NsMe
96 Y =R—CO, CN 0
97

ilar reaction was observed with the 4-carboxamide deriv-
atives, and with 2,4-dicarboxamide derivatives cyclization
of the diazo group to the 2 position was preferred.’??
Diazotization of the hydrochlorides of 2-aminoselena-
zole and 2-amino-5-phenylselenazole with nitrosylsulfuric
acid in a 1:1 mixture of concentrated sulfuric and phos-
phoric acids has been attempted.?32 Treatment of the di-
azonium solutions with Cu,Cl, yielded only decomposi-

€ NOHSO Se Cu,C
D= L
Ph N

HSO,"

PhCNH, + Se + gases

R. N. Butler

tion products, and free selenazoles couid not be ob-
tained.’32 The diazonium solutions gave purple colors
when treated with S-naphthol at pH 3-4.

1V. Six-Membered (w-Deficient) Ring Systems

A. Pyridines and Compounds with One
Heteroatom

1. Aminopyridines

The diazotization reactions of the six-membered het-
erocyclic amines differ from those of the five-membered
systems in that the same variety of products is not en-
countered and primary nitrosoamines have not been iso-
lated or directly detected. With the six-membered sys-
tems the products are generally diazonium salts or their
dediazoniation products. 3-Aminopyridines are readily di-
azotized and coupled and behave like normal aromatic
amines. 1:133 Pyridine-3-diazonium fluoroborate was iso-
lated when the amine was diazotized in 40% fluoboric
acid.’®* The 2-diazonium isomer could not be isolated
and 4-isomer was isolated but once from many at-
tempts.?34 The Schiemann reaction with the diazotization
products of 2-, 3-, and 4-aminopyridines in 40% fluoboric
acid yielded 2-fluoropyridine (34%) and 3-fluoropyridine
(50%), but the unstable 4-fluoro derivative was not isolat-
ed.'3% However, 4-fluoropyridine has been successfully
prepared recently in 22% yield by treating 4-aminopyri-
dine with sodium nitrite in fluoboric acid.'3®> The com-
pound was stable at 5-10° in a sealed ampoule and was
isolated by vacuum distillation from the neutralized diazo-
tization solution.?3%5 An impure sample of the compound
was also obtained in earlier work'3¢ by treating 4-amino-
pyridine with sodium nitrite in hydrogen fluoride. Pyri-
dine-2- and -3-diazonium fluorosilicates,
(CsHsN—N3),SiFg, have aiso been prepared by treating
the amine fluorosilicate with ethyl nitrite in anhydrous
acetic acid.’ Higher yields of 2-fluoropyridine were ob-
tained from diazonium fluorosilicates than from the
Schiemann reaction, but lower yields were encountered
with the 3-fluoro isomer.'®7 Diazotization of aminopyri-
dines in anhydrous HF foliowed by heating in an auto-
clave also gave fluoropyridines but in lower yields than
from diazonium fluoroborates or fluorosilicates. 137

In general, 2- and 4-aminopyridines tend to be resis-
tant to diazotization in dilute mineral acids or form the
corresponding hydroxy or halogeno derivatives when a
reaction occurs.'38 Recently, however, it has been dem-
onstrated that these compounds diazotize normally in
aqueous hydrochloric, sulfuric, and perchloric acid solu-
tions giving diazonium salts which were directly detected
from uitraviolet spectra measured immediately after dia-
zotization.'3® The diazonium salts couple with §-naphthol
and hydrolyze rapidly to the corresponding hydroxy com-
pounds in dilute acidic sotutions.’3® When the diazonium
solutions were rapidly brought to pH 10-11, stable alkali
diazoates were formed. In view of this work it seems
likely that similar heterocyclic amines, which tend to re-
sist diazotization, may well behave normalily if the correct
conditions are employed. The unreactivity of compounds
such as 2- and 4-aminopyridines towards diazotization
may be understood in terms of contributions from reso-

N*H,

5-5=0 -0

99
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nance forms such as 98 and from the amidine-type na-
ture of these compounds.!' If, as is likely, the protonated
form 99 enters the diazotization reaction, lesser reactivity
still may be expected. Recent studies'? of the mecha-

nism of diazotization of 4-aminopyridine have been dis-

cussed in section I1.F.

2. Substituted Aminopyridines

Dediazoniation reactions carried out in situ have been
widely used in the synthesis of various pyridine deriva-
tives. 2-Fluoro-3-methylpyridine has been obtained in low
yield by diazotization of the 2-amino derivative in anhy-
drous hydrogen fluoride.'#® Series of the 2-chloro deriva-
tives 100 and the 2-hydroxy derivatives 101 have also
been obtained from diazotization of the corresponding
2-aminopyridines.’#! The 2-fluoro derivatives 102 were
formed in 52-85% vyields by diazotization of the 2-amino
derivatives in 65% hydrogen fiuoride. 42

101
+
NOIN A N0 o NOD A~ NO)
' | HCI | P
Me)”” NP, (Me)” NP ¢

100
NaNOQ,
H,S0, dil

OH
101
(Me)
(NO,) l N (NO,)
(Me) NP\ g
102

Diazotization of 3-amino-4,5-bis(aminomethyl)-2-meth-
ylpyridine trihydrochloride 103 with barium nitrite in aque-
ous sulfuric acid gave a high yield of high-purity pyridoxin
104 (vitamin Bg).'43 Attempts to prepare pyrazolopyrimi-

CH,NH, CH,OH
NH, . HO,
/ CHQNHg 3HCI Ba(N02)2 Z CHon
N | H,S0, ) ™
Me N Me N
103 104

dines by diazotization of 2-methyl-3-aminopyridines 105
gave the corresponding 3-hydroxy derivatives.'4* When
the substituent R was a methoxy group, a low yield of the
pyrazolopyrimidine 106 was obtained.'** Similar activa-

Z NH,  Hono Z N
| PPV I N
N R =MeO . /
R” N” “me Me0” N
105 106 (5.5%)

tion and internal attack of methyl groups by o-diazonium
substituents has been observed in a number of cases
with other six-membered heterocyclic systems (sections
IV.A.3 and IV.B), and the reaction has been well docu-
mented with the carbocyclic analogs. '45

Talik'48-150 has used dediazoniation reactions to intro-
duce a wide range of substituents at the 4 position of the
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ﬁ
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Y =1, Br, Cl, CN, CNS

SCHEME VI
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HC! l H280,
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R =Br, |, MeO, CN, CONH,, COOH, Me; R'=Cl, Me

pyridine ring (Scheme VII). it is of interest that these
reactions were also successful with 4-amino-2-methoxy-
pyridine'*’ since diazotization of 4-amino-2-hydroxypyri-
dine with sodium nitrite in dilute sulfuric acid followed by
neutralization with ammonia gave 4-amino-2-hydroxy-3-
nitrosopyridine (107), presumably by preferential electro-
philic attack at the more active 3 position. 13!

Preferential nitrosation of sites more active than the
primary amino nitrogen has also been observed with
other . w-deficient heterocyclic amines'' (section 1V.B).
The compound 107 was readily oxidized to the 3-nitro de-
rivative 108 which gave hydroxydediazoniation yielding
compound 109 when diazotized in aqueous sulfuric

NH, NH,
“ i. NaNO,/H,80, (di) NO H,0;
ii. NH,OH
N it NFq
N“0H SN OH
107
NH OH
- NO, NaNO, NO,
I H,S0
SNNoH 7 OH
108 109
acid.’®' Diazotization of 3-amino-2-hydroxy-5-nitropyri-

dine (110) gave the azo compound'®? 111. This showed
a carbonyl band in the infrared and did not possess the
pyridine ring vibrations at 1138 and 897 cm™', thereby
suggesting a major contribution from the quinonoid struc-
ture.'52 The comparison between the behavior of com-
pound 110 and that of its isomer 108 again illustrates the
greater stability of the pyridine-3-diazonium ion.

N02 NH2 N02 N
F | HONO \(\//K 2
—_
SNNOH SN
110 111
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3. Quinolines and Other Systems
Amino groups at any of the positions 2 to 8 of the quin-

oline ring system are readily diazotized and undergo

dediazoniation reactions.'S® The quinoline diazonium
salts are more stable than the corresponding pyridine de-
rivatives. Thus fluoroquinolines with the fluorine at the 2,
3, 4, 5, 6, 7, and 8 positions have been obtained from the
corresponding diazonium fluoroborates.’5? Quinoline-3-di-
azonium fluoroborate was isolated and found to be more
stable than the pyridine analog.’5® Quinoline-4-diazonium
salts have also been isolated by diazotizing 4-aminoqui-
nolines with sodium nitrite in concentrated sulfuric acid
followed by addition of diethyl ether.'5* These, when
treated with copper(l) salts, gave normal dediazoniation
reactions. Quinoline-2-diazonium fluorosilicate has also
been isolated and used to prepare 2-fluoroquiniline.!37
Diazotization of 8-aminoquinolines gave diazonium salts
112 which undergo internal coupling as in''" 113. The

R Xy R=H S
X=Cl oA
. r\lr Cl
N,* X , N=N
alkali 113
112, R=H R = OENNCSINH),
114, R = OEt
116, R=H, X=BF," R N
N/
Na*S-
115

compound 114 has recently'5% been prepared and treat-
ed with thiourea and alkali in an interesting reaction
which gave the thio derivative 115. Photolysis of the sta-
ble diazonium fluoroborate 116 gave a 19% yield of 8-flu-
oroquinoline. 3% Diazotization of 3-aminoisoquinoline with
sodium nitrite in dilute mineral acids gave 3-hydroxyiso-
quinoline.57:158 When the reaction was carried out in di-
lute acetic acid with isoamyl nitrite, 3-hydroxyisoquinoline
acetate was formed'S’ and, when concentrated hydro-
chloric or hydrobromic acid was used, 3-chloro- and 3-bro-
moisoquinolines were formed along with the hydroxy de-

NH, Ny*
7 \ HONO  (# =
I, adhied . —
NN M0 QN A .
X" \‘\
H0

—
H CHO
Z R
x N\N¢N
118

cis and trans
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rivatives.'®® Recently, an interesting rearrangement of
the quinolizinium diazonium salts 117 to the 1,2,3-triazo-
lo[1,5-a]pyridines 118 has been reported.'59-187 The
reaction is considered to involve a nucleophilic attack by
water on the 4 position of the unstable dication 117
which results in cleavage of the six-membered ring. Sub-
sequent internal coupling of the diazonium group (similar
to 113) and loss of a proton give the fused triazole
ring.'5® The stable indolizine-1-diazonium salts 119 have
been prepared by direct nitrosation of the parent com-
pounds and not from the corresponding amines. 162

No™ N
N R 7 R
[ -« .

N G
R R
R R

119

Activation of a methyl group by the diazonium substitu- -
ent has been observed in the diazotization of the 3-ami-
no-4-methylquinolines’®® 120. The reaction in hydrochloric
acid consumed 2 mol of nitrous acid and gave as prod-
ucts the quinolino-v-triazine derivatives 122 and the 3-az-
idoguinoline-4-carboxaldehydes 123. The species 121,

C|>'
/N+\N CHO
R N ,ﬂ w, R N3
Z
N7 N
123
122
CH=NOH
R NNyt
NP
121
HCIT2HONO 122 + 123
+
CH, N
R Nr—NH, Hovo, R N
P H,S0, N '
120 124

arising from attack of nitrous acid on the 4-methyi group
of the diazonium intermediate, is considered to be a pre-
cursor to compound'® 122 (cf. Scheme IX). When the
reaction was carried out in sulfuric acid, a further product
124 was obtained by internal diazonium attack on the ac-
tivated methy! group. 183

B. Diazines and Compounds with More than
One Heteroatom

Most of the recent work on this group of compounds
has been concerned with diazotization of aminopyrimi-
dine derivatives of potential pharmaceutical value, and
some interesting fused ring systems have been prepared.
No primary nitrosoamines have been detected and the
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B L

diazotization products are diazonium salts or compounds
derived from them. A pattern of reactivity of amino
groups toward diazotization, which parallels that of ami-
nopyridines, is evident. Thus 4-aminopyrimidine deriva-
tives, where the amino group is both o and vy to a poten-
tial (or actual) sp? nitrogen atom, resist diazotization,
and the products from the reaction with nitrous acid are

NH,

SCHEME X
Me—N/uI/
O
Me
126
o)
H, HONO Me—N | Ny*
R-Me
2\ O)\T Me
R Me
path al R=H 125
HONO | HOAC
O
)\ N§N HONO H/fl\l\ l NH,
O' @] H CH=—=NOH
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N02 path b N02
“HoNo
CH=NOH
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generally 5-nitroso derivatives or compounds nitrosated
on more active side chain sites'84'%7 (Scheme VIIi).
Although 5-aminopyrimidine itself has been reported not
to give a diazonium salt,'®® derivatives of 5-aminopyrimi-
dine are readily diazotized.'®® For example, diazotization
of 1,3,6-trimethyl-5-aminouracil gave the corresponding
diazonium salt 125 which was cyclized to the pyrazolopy-
rimidine 126 with strong base.’’0 Aiso 5-aminouridine,
when treated with sodium nitrite in acetic acid solution,
gave 5-diazouridine.’"’

Treatment of 5-amino-6-methyluracil with excess ni-
trous acid in acetic acid gave the pyrimido-v-triaz-
ine170.172.173 127 (path a, Scheme 1X) in a reaction simi-
lar to that of compound 120. The compound 127 has also
been prepared by a different route (path b, Scheme IX)
which lends support for the intermediacy of oxime deriva-
tives arising from attack by nitrous acid on the activated
6-methyl substituent of an intermediate diazonium satt.?7®

It has been reported recently that solutions obtained by
diazotization of 2- and 4-aminopyrimidine in dilute sulfu-
ric acid gave greenish-brown colors with alkaline B-naph-
tho!, but the nature of the products was not elaborated
on.'3® The relative reactivities of amino groups at the 2
and 5 positions of the pyrimidine ring are illustrated by the
diazotization of compounds 128 and 130. Diazotization of
the diamine 128 gave the diazonium sait 129 which un-

OH
NZ | CN
PN
NHY N R
KCNTCUCN
OH
NH, NaNOz NZ N,*
A, I
NH; SN R
128, R = Me 129
130, R = -NR'R" 131, R = -NR'R"
/base
o- 0
N,* N N,

NHz)\N NR'R” NHZ)\N

132

NRIRH

derwent dediazoniation reactions.'’* The compounds 130
were also readily diazotized with isoamyl nitrite in metha-
nolic hydrochloric acid to the diazonium salts 131, which
gave the diazo compounds 132 on treatment with
base.!75

Diazotization of 5-aminopyrimidines containing active
substituents in the 4 and 6 positions, e.g., 133, have led
to a range of fused pyrimidine ring systems, e.g., 134
and 135, including 1,2,3-oxadiazolo-, 1,2,3-thiadiazolo-,
and 1,2,3-triazolopyrimidines.164.172:176.177 The 2-substit-
uent R in these compounds may be NH;, NHR, NRz,
S-R,172.176,177 or OH or SH groups.'®® The ring closure
of the diazonium group also occurs in alkaline solution
when alkyl groups are present in the 4 and 6 posi-
tions.164.172.176 This reaction, which gives pyrazolopyri-
midines, was facilitated to the extent that base was not
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135

necessary by the presence of MesN- substituents on the
pyrimidine ring, probably due to their stabilizing influence
on the diazonium group.'7® This effect compares with the
influence of the MeO group on the similar reaction of
compound 105. In one case the intermediate 136 was

Me
NZ
Jgn
\N N* *|
Me,N
Me Me
136

isolated.'’® [t seems that internal diazonium attack on
adjacent alkyl substituents may be enhanced not only by
addition of base to ionize the alkyl group but also by the
presence of substituents which increase the lifetime of
the diazonium intermediate.

Diazotization of "3-aminocinnoline (137) with nitrous
acid in dilute mineral acids gave 3-hydroxycinnoline'%8
(138). In concentrated acids, mixtures of 3-hydroxy- and
3-chloro- or 3-bromocinnolines were obtained.'%® The
first diazophenazine, 139, has been reported from the

A
NH, Hono
Yo

137 N,

X—OH N ©
NN N”
138 139

diazotization of 1-amino-2-ethoxyphenazine with nitrous
acid.'”® The influence of the 1-diazonium substituent ren-
dered the 2-ethoxy group labile to hydrolysis giving com-
pound 139, and the 2-ethoxyphenazine-1-diazonium sait
could not be isolated from the aqueous diazotization mix-
ture.'78 Attempted diazotization of aminopyrazine by nor-
mal procedures using dilute agueous media was unsuc-
cessful.’7® However, diazotization using nitrosylsulfuric
acid in concentrated sulfuric acid readily gave hydroxypy-
razine, and this procedure was also successful for con-
verting 2-amino-3-carboxypyrazine to 2-hydroxy-3-carbox-
ypyrazine.'’® Attempts to apply the Sandmeyer reaction
to diazotized aminopyrazine were unsuccessful since hy-
droxydediazoniation was more rapid than the attempted
halogenodediazoniation.'”® The general unreactivity of an
amino group in a pyrazine ring to normal diazotization is
also shown in compound 140 where diazotization oc-
curred at the carbocyclic amino group.’8® When this
group was protected as in compound 141, failure to react
with nitrous acid was observed.’8% In the pteridine sys-
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5 4

Me Nj:CONH2 eiNI\Na

RNH ~—NH, 7 \rg w/lz
140, R=H 142

141, R=Ac

tem 142 amino groups at the 4 position were found to be
unreactive to nitrous acid, whereas the 2-amino deriva-
tives reacted readily and gave the corresponding hydroxy
derivatives.'81:182 |n general, it appears that the reactivi-
ty of an amino group in the pyrimidine ring of the pteri-
dine system is highly sensitive to substituent effects and,
for example, 2,4-diaminopteridines failed to react with ni-
trous acid.81.182

In" concluding, it should be pointed out that, although
further information on the diazotization of amino groups
bonded directly to higher six-membered heteroaromatic
systems does not appear to be readily available, it is not
claimed here that some further information does not in-
deed exist. In a number of the papers already discussed
above, we have found that the diazotization work was not
the main topic of the paper but often appeared as a
minor point in the discussion or in the experimental sec-
tion and it was not mentioned in either the title, abstract,
index entry, or keyword index. There may be a few other
such papers, particularly in the nonwestern literature, and
this possibility represents a limitation to the coverage of
this review.

V. Addendum

' This addendum necessarily contains only a brief mention
of papers published between January and December
1974. '

Five-Membered Ring Systems. Azoles. The increased
acidity of the azole ring N-H moiety caused by the pres-
ence of a diazonium substituent and the general acid
-base equilibrium between diazonium and diazo forms
have recently been investigated for the full series of par-
ent azoles.’ New stable primary nitrosoamine deriva-
tives of N-substituted benzimidazole'®* and benzothia-
zole'® systems have been isolated. The isolation of
these compounds is in agreement with the trends noted
already, and the benzimidazole derivatives represent the
first primary nitrosoamines involving the imidazole ring.
In each case the nitrosoamines were obtained by acidifi-
cation of the corresponding alkali diazotate solutions.

New synthetic uses for 4-diazo-3,5-dimethylpyrazole as
an oxidizing agent'®® and in coupling reactions with com-
pounds containing active methylene groups'87:188 have
been developed. Coupling reactions of 1,2,4-triazole-3-di-
azonium and tetrazole-5-diazonium salts with phenols
and other aromatic systems have been described.8®
Treatment of indazole-3-diazonium salts with active
methylene compounds and cyclization reactions of the
coupling products have also been reported. 187:190

in the imidazole series new coupling reactions of 5-di-
azoimidazole-4-carboxamide with hydrazines'®' and mer-
capto compounds'®? have been carried out. The synthe-
sis and cyclization, in agueous ammonia solution, of 5-di-
azoimidazole-4-thiocarboxamide have also been re-
ported.’®3® A range of new 4,5-dicyanoimidazole deriva-
tives has been obtained from reactions involving 2-diazo-
4,5-dicyano-2H-imidazole.194

Six-Membered Rings. In the pyridine series a kinetic
study of the diazotization of 2-aminopyridine in
0.0025-5.0 M perchloric acid has been reported.'®s The
results indicate that the reaction takes place by one
mechanism only over the entire range of acidity, and it
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was suggested that this involved the protonated amine
and nitrous acidium ion with a rate-determining formation
of a primary nitrosoamine.'®5 An interesting study of the
pH dependence of the decomposition of pyridine-2- and
-4-diazotates has been published recently.'®¢ Intermedi-
ates in the decomposition of pyridine-2-diazotate could
not be trapped, but in the case of pyridine-4-diazotate a
build-up of diazonium ion in the solution was detected
and between pH 4 and 6 it was postulated that an unpro-
tonated diazohydroxide form was .the predominant
species present. Syn-anti isomerism was not detected
with the pyridine-4-diazotate, and it was suggested that
the compounds were in the anti form under all conditions
for acidities in the range pH >1. On the synthetic level
2.6-difluoropyridine has been prepared by diazotization' of
2,6-diaminopyridine in HF,’®7 and 3-aminopyridine-2-car-
boxamide has been diazotized and cyclized.'®® Pyridyl
radicals have been obtained from so-called pseudo-Gom-
berg reactions involving amino pyridine derivatives and
alkyl nitrites.19°

Quinoline-3-diazonium tetrafluoroborate has been
found useful for modifying lysil residues of some pro-
teins.29% Diazotization of diaminotriazaphenothiazine sys-
tems has also been briefly commented on in connection
with the first synthesis of this ring system.297 A recent
review?%2 on the chemistry of aminopyridazines com-
ments on the lack of information on the diazotization of
such systems and covers the earlier literature as well as
the more recent work reviewed herein, 202
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