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Abstract — The preparation, chemical properties and synthetic ut-

11ity of nitrogen heterocyclic diazo compounds are reviewed.

INTRODUCTION ¢
Heteroeyelic diazo compounds (1) and their diazonium salte (2) are versatile reag-
ents and their chemistry has recelved a considerable recent attention!’2 However,
in spite of their interesting synthetic potentialities, the chemiatry of this class
of compounds has been ignored in available organic chemistry books, Moreover, wlth
exception of Tedder's chapter in "Advances in Heterocyelic Chemistry"3which is now
obsolete, no trials to review the chemistry of this class of compounds has been

made. In the following we report the literature in this area which we hope will be

),( XI N=N-X
Y—7 Y‘—;

1 2

of value for both researchers and instructors of organie chemistry.

PREPARATION :
The common method for the synthesis of heterocyclic diazo compounds or diazonium
galts is the diazotization of heteroaromatic primary amines in which the amine group
is bonded directly to the ring (cf. Bgq. 1). Butler” hasg covered in details this sub-
jeet. Stadtler et a15 reviewed the other methods for the synthegis of this clase of

compounds, but these methods are of minor importance.
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Eq. 1
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CHEMICAL FPROPERTIES:
The diazo compounds can be converted into other derivatives. The reactivity and

types of reactions undergone by these compounds are summarised in this review.

1. Intramolecular cyclization:
Heterccyclic diazo compounds are considered as dipolar compounds. Thus, interaction

between the positive and negative ends of the molecule leads to the formation of

fused heteroeycles.s's

Diazotization of 4-mmino-3-phenyl-5-benzylpyrazole (3) has

afforded the corresponding diazopyragzole derivative (4). Compound 4 when heated in
acetic acid has afforded the pyrazclo 3,4-c pyrazole deriwative (5)? Similarly, the
pyrdzolo 3,4-e =1,2,3,4-tetrazine (§) has been formed when a solution of diazotlized

S5-amino=-4-phenylazopyrazole was left to stand at room temperature in protic media.
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One of the most efficient routes for the synthesis of agopurines is the self coupl~
ing of dlazotized aminoimidazole-derivatives via amide or amidic nitrogen at 5-pos-

ition.1°

Recently a survey of thls synthetic route for obtaining derivatives of
these ring systems has been reviewed11 3-Amino~4-methylquinoline (J) reacts with
two molecules of nitrous acid to form the quinolino—o-friazine derivative (§D and
3-azidoquinolino~4-carboxatdehyde (9)12213 oOn the other hand, when the reaction
wag carried out in the presence of sulphurie acid, compound {0 was formed. &-Meth-

yluracil (11) behaves similarly on diazotization'> (cf. Chart 1).
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Diszotization of 8-aminoquinoline {12) leads to the formation of the diazonium salt
vhich undergoes internal coupling to give the fused 1,2,3-triazole derivative (13)1%
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Chart 1
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When sminoquinoline wsa dimzotlzed, the produced diazonium salt (lg) rearranges to
1,2,3-triazolo 1,5-a pyridine (15). The reaction is considered to proceed via the

mechanism cited in chart 215 16

X~

Chart 2 1_§

2+ Coupling with phenols and active methylene reagents:

Amino heterocycles of the type 16, when treated with sodium nitrite in acid medium,
readily yleld the diagzo derivative. These diazonlum salts readily ecouple with phen-
ole and active methylene compounds to yield the correapondiﬁg arylago derivatives
(cf. Bq. 2)?'17"23 On the other hand, the diazonium salts of the type 17 couple
with active methylene reamgents to yileld either fused triazines 18 or the correspon-
ding hydrszones 19 which readily ecyclized into fused triazines by an intermolecular

condensation reaction which cccurred under coupling cc:ml.’n.'l;z.on&l6 7,9,24-44

NH2 Newo, 7 N=NC N= NQOH
| — & 5 {p ¢

Y~ HC1 NX phenol

16

><

Eq. 2
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Recently the diagotization of S-amino-3-phenylpyrazole (20) and the reaction of this
diezonium salt with a variety of active methylene reagents has been reported.'' For
example, as-triszines were the only product that isolated when the diazonium salt of
(20) was reacted with ethyl acetoacetate or 3-aminocrotonitrile. On the other hand,
the reaction with ethyl cyancacetate and benzoylacetoniirile afforded, in acidic pH,
hydrazones which readily eyclized into pyrazolo B.Sw% agetriszinea. The pyrazolo-
E,S-:]as—triazines were the only reaction products that formed in alkaline medium.
The formation of cyelic er acyclic products from the coupling of active methylene
compoundg with the diazoiized aminopyrazole (20) was explained by the mechanistic
pathway for the reactions. Coupling with reagents which leads to the direct format-
ion of cyclic products can take place with dlazonium salts which exist in equilbr-
ium with the diazobetaiene (21} via a 1,4-dipolar cycloaddition. When a usual coupl-

ing took place, hydrazones were formed.6

X
7/
NH N=NCl NH-N=C__
] | —_ _ Y
P \N/NH Ph \N/ H X~CH,-Y PH \N’NH
20
y N
N=N N
~] o /1 °N
Ph” SN~ Ph \N/N\/\
21

3. Dipolar cycloaddition reactions:

Diazoheterocyclic compounds were found to be active intermediates for the aynthesis
of fused rings through [§+g] dipelar cycloaddition reactions. Thus, fused triazines
were formed by the addition of 3-dlazopyrazoles to a variety of dipolarophils under
mild conditions (cf. chart 3)8,9,45-48

Recently it has been reported that pyrazolo[3.5—é]-1,2.4—triazoles were formed when
S5-diazo-J-methyl-4-phenylpyraezole (A) reacts with dlazoaslkenes. Also the same pyr—
azolo[1,5-c ~-1,2,4~triazoles were obtained from diazo free ylides, for example, pyr-

idium ylides, thus confirming the twe ateps cyclecaddition mechanism suggested in
chart 45+9+45-48

In an attempt to use phosphanimines (22) as ylides in the reaction with diazopyra-
zoles, the expected 3H-pyrazolo E,S-@]tetrazoles {23) were not obtained, but instead
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Chart 3

a carbonyl conteining species with strong infrared carbonyl absorption was obiained.
Suggesting how these compounds could have been formed, a reascnable reaction sequ-
ence seems to invelve isocyanates resulting from reaction of (22) with carbon diox-

ide from the air. This vlew is supported by the report that the ssme compounds were

R"NCO R \N’N— R"-N-P(CgHy)s (o

l L)

)
? R N
= i
N N—R” o) \N/N_—N_R”

23
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obtained from the reactiomr of diezopyrazoles with iso isccyanates. This reaction
can be underatood as & ['?+2:' cycloaddition of the diazopyrazole to the electron def-
ieient heterc double bond of the 1socyanate.49 Alternative to the concerted ET+2:]
cycloaddition is the two steps mechanism consisting of = ring nitrogen acylation to
a 1,9-dipole followed by intermolecular coupling leading to (24).49

+
R
Ph N=N . é1 o CH,CL, Ph Ns\\N o
N— T2 224 b Ne A/
H,C SN d Hy CASN- 2R
2 +N,
(A)
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The reaction of diazoindazoles and 4-diazo-S5-phenyl-1,2,4-triazole with Isccyanate

eimilarly yielded 1,2,3,5-tetrazin[5,4-b|indazol-4—ones (25) and 1,2,3-triazolo-
B,1-ﬁ-1,2,3,5—tetrazin—4-one derivatives (gg).49

N“}N Ph N‘\\N
N-R N—R

~ SNy
0
6

4. Replacement reactions for the diamzo group:

Heterocyclic dimzonium compounds underge dediazotization reactiona common for their
benzenoid counter parta.26'50-53 Thus, the diazo group in many diszcheterocyclic
compounds was replaced by subastituents such as 1, Br, I, F, N3, CN, phenyl and
pyridyl. As an example, when pyrazole-3-diazonium chloride reacted with elther cup-
rous chloride, a mixture of potasgium and sodium fluoride or cuprous cyanlde, the
3wchloro= (27), 3-fluoro- (28) or the 3-cyanopyragole (29) were obtained respect-
ively.

4
=
\
z
O
=

|N
@

The Gomberg-Buchman reaction of the heterocyclic dimzo compounds has been investig-
ated by Pukata et al,54 they have shown that when (3Q0) was refluxed in bengene for
14 1 3,5-dimethyl-4~phenylpyrazole {31), biphenyl (32}, 3,5-dimethylpyrazole (33)
and the pyrazolo 3,4~c pyrazole (34) were obtained in 36, 17, 12 and 15% ylelds,
respectively. On replacement of benzene by nitrobenzene, the reaction gave 4-nitro-

phenylpyrazole (35) in ratio of 10:3:3 for o, m and p-isomers, reapectively. The
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ahove mentioned resulis as well as the formation of biphenyl suggested that the rea-
ction proceeded via free radical intermedimtes (cf. chart 5). This suggeation was
'supported by the observed catalytic effect of hydroquinone on the reaction and the
increment in the yield of (36) by the latter catalyst (cf. chart 6).
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N © I g \ ()
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Chart 6

5. Molecular rearrangement and ring contraction:

Heterocyclic diazo compounds undergo a variety of interesting molecular rearrange-—
ments to afford products which are daifficult to access by other procedures. For ex-—
ample, ring contraction of S5-diazouracil (37) or ite methanolate (38) into the co-
rresponding {,2,3-triazolecarboxamide (13) has been reported recently.48’49’55
Also slmilar rearrsngement takes place in case of 05~6(5)-cyclo-5—diazouridine (40)
to glve 1-{B-D-ribofuranosyl)-1,2,3-triazol-4-carboxamide (41). The mechanism of
this rearrangement was investigated using 018~labeled diazouracils and diazouride-
ines. It was shown that the rearrangement of (40) into (41) proceeds via initial
attack at C-2 by using labeled 0'8 at 4-position. In the same manner 05'-6(5)-0Y-

clo-5-diazo=2'~deoxyuridine (42) and 5-diazo-1-methyluracil-6-methsnolate (43)
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gave the expected triazole derivatives 44 and 45, reaspectively. Trials of rearrang-

ement of 05-6(5)-cyclo-S—diazoJ-methyluﬂdine (46) were unsuccessful and this

might be due to the ambaence of an initial atiack by water. An evidence that the

ring contractions proceed via N-1, C-2 and bond cleavage was glven by the methan-
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olysis of {40) to give (41), methyl { «(B=D=ribofurancgyl)-1,2,3-triazolecarboxylate
(47) and methyl carbamate (48). Methanolysis of 43 gave 1-methyl-1,2,3-triazole=4-

carboxamide (45), 48 and methyl 1-methyl-1,2,3-triazole-4-carboxylate {49) . Methan-
olysia of (38) gave methyl ¥-(1,2,3-triazole-4-yl-carbonyl)-carbamate (50) (cf.

chart 7).
COZCH3
N'\N |
4
48
H -_—
0
47
' N CONHp | CO,CH4 4
43+CH0H - A, ” + A | + 48
' )
43 49
0
NHCQ,CH
38+CHOH - E_ijr)k' 05CH3
38 W
H
59 Chart 7

—570—




HETEROCYCLES, Yo! 19, Ne 3, 1982

Compound {52)was obtained on diazotization of 02-2'-¢cyclo-5-anino-5'-deoxyuridine
(51) which suggeasted that these ring contractions require the formation of a tauto-
meric carbincl-amidine prior to nucleophilic attack. On the other hand, methanolysis
of 5-(3,3-dimethyl-1-triazino)-uridine (53) leads to the formation of compounds 54,
41, ATl and 48. This reaction was probably the result of a direect mucleophilic attack
on 53 rather than a prior decomposition of the triazino group since 5-(3,3-dimethyl-
t-triazino)-1,3-dimethyluracil (55) was recovered quantitatively unchanged under
gimilar conditions. A partial hydrolysis of 43 labeled with oxygen-18 at C-2 showed
a retention of isotopic label and suggeasted that the transition state for ring open-
ing involved a partial C-N bond cleavage rather than the formation of a tetrahedral
intermediate. The results suggested that the proton at F-3 of the uracil ring must
tautomerise to the 0-2 position and the dlazo derivative of this tautomer must be

56=-58

formed prior to ring opening. From these data the mechaniegm demonstrated in

chart 6 was suggested.

0 0
+
NH2 N=N
Ly .
N 0=C N
0 " \
0 Q0
HO HO
51 52
0
N=N-N(CHj),
]
ol ] + CH3OH ——>(CH3)yN-C-NHy + 41
N
e R
CH20H
OHHO
0
53
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6. Pyrolysis:

Recently it has been reported that the pyrolyeis of 3-phenyl-4-methyl-5-diazopyraz-
ole (56) gave 2-cyano-2-methyl-3-phenyl-2H-aziridine (57, 60%), benzonitrile (58,
10%) and acrylonitrile (59, 1%). On the other hend, photolysis of 56 in cyclohex-
ane yields 57 (15%) and 3(5)-cyclohexyl-4-methyl-5(3)-phenylpyrazole (60, 60%) 4>

{ef. chart 9).
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—— —No I N
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- N Ph N ’ N
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Ph \N/NH
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Chart 9
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MASS SPECTRA OF HETEROCYCLIC DIAZO COMPOUNDS:

Up to our knowledges, few inveatigations have dealt with the masa spectra of hetero-

cyelic diazo compounds.59-61 The unstability of these compounds under the condit-

ions of measurement might be the reason for the lack of data on this subject.
Thorsted and Undheim61 have recently discussed the mass spectra of the diazopyrid-
ones 61, 62 and 63. The authors have shown that these compounds are characterized by
a plgnal dus to the M - N2 ions which arise both by pyrolysis followed by lonlzaiion

and by electron induced fragmentation of the diazo oxides.

+ - +
N0 N7 0NNZ
61 62 63

—

The authora61 have compared the mass spectra pattern of thege compounds with that

of the model compounda 64 and 65. They have concluded the following fragmentation
patterns for these compounda (ef. chart 10).

)

T e
N X’N N?
54 65
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