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Abstract - The preparation, chemical properties and synthetic ut- 
ility of nitrogen heterocyclic diazo compounds are reviewed. 

IBTRODUCTIOB : 

Heterocyclic diazo compounds (1) and their diazonium salts (2) are versatile reag- 

ents and their chemistry ha8 received a considerable recent attention!" However, 

in spite of their interesting synthetic potentialities, the chemistry of this class 

of compounds has been ignored in available organic chemistry bocks. Moreover, with 

exception of Tedder's chapter in "Advances in Heterocyclic Chemistryn5which 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 

of value for both researchers and imtmctors of organic chemistry. 

PREPATtATIOB : 

The common method for the synthesis of heterocyclic diazo compounds or diazonium 

salts is the diazctization of heteroaromatic primary amines in which the amino group 

is bonded directly to the ring (cf. Bq. 1). Entler4 has covered in details this mb- 

5 ject. Stadtler et a1 reviewed the other methods for the synthesis of this class of 

compounds, but these methods are of minor importance. 

bese 

Y-Z .2 -1 
HC1 - - 

Eq. 1 



CHEXICAL PROPERTIES: 

The diazo compounds can be converted into other derivatives. The reactivity and 

types of reactions undergone by these compounds are 8ummarisr.d in this review. 

1. Intramolecular cyclization: 

Heterocyclic diazo compounds are considered as dipolar compounds. Thus, interaction 

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

fused Diazotization of 4-duo-3-phenyl-5-benzylpyrazole (2) has 
afforded the corresponding diazopyrasole derivative (4). Compound 4 when heated in 

8 acetic acid has afforded the pyraeolo 3,4-c pyrasole derivative (5). Similarly, the 

pyrazolo 3,4-e -1,2.3,4-tetrazine (6) has been formed when a solution of diazotised 

5-amino-4-phenylazopyrazole was left to stand at room temperature in protic media. 

One of the most efficient routes for the synthesis of aeopurinee is the self coupl- 

ing of diazotized dnoimidazole.derivatives via amide or amidic nitrogen at 5-poa- 

ition.l0 Recently a survey of this synthetic route for obtaining derivatives of 

these ring systems has been reviewed!' 3-A1nino-4-methylquinoline (1) reacts vith 

two molecules of nitrous acid to form the quinolino-O-triazine derivative (g) aud 
12*13 On the other hand, when the reaction 3-azidoquinolino-4-carboxaldehyde (2). 

was carried out in the presence of aulphuric acid, compound 10 was formed. 6-Reth- 

yluracil (11) behaves similarly on diazotization13 (cf. Chart 1). 
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Diazotieation of 8-aminoquinoline (E) leads to the formation of the diazonium salt 
14 

which undergoes internal coupling to give the fUeed 1.2.3-triazole derivative (13). 

1 H+ 
CHO 



Yhen aminoquinoline was diazotized, the produced diazonium salt (14) rearranges to 

1.2.3-triazolo 1.5-a pyridine (u). The reaction is considered to proceed via the 
15,16 mechanism cited in chart 2. 

P 

2. Coupling with phenols and active methylene reagents: 

Amino heterocycles of the type (6, when treated with sodium nitrite in acid medium, 

readily yield the diazo derivative. These diazoaium salts readily couple xith phen- 

ols and active methylene compounds to yield the correspondiig arylazo derivatives 

(cf. Bq. 2)?117-23 On the other hand, the diazonium salts of the type 11 couple 

with active methylene reagents to yield either fused triazines 18 or the correspon- 
ding hydrszzones iq which readily cyclized into fused triazines by an intermolecular 

condensation reaction which occurred under coupling conditions $.7.9,24-44 
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Recently the diazotization of 5-amino-3-phenylpyrazole (20) and the reaction of this 

diaeonium salt with a variety of active methylene reagents has been reported.'' For 

example, as-triazines were the only product that isolated when the diazonium salt of 

(20) wae reacted rith ethyl acetoacetate or 3-aminocrotonitrile. On the other hand, 

the reaction with ethyl cyanoacetate and benzoylacetonitrile afforded, in acidic pH, 

hydrazones which readily' cyclized into pyrasolo [I ,5-4 as-triazlnee. The pyrazolo- 

,5-c] as-triazines were the only reaction products that formed in alkaline medium. 

The formation of cyclic or acyclic products from the coupling of active methylene 

compounds with the diazotized 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 diaeonium salts which exist in equilbr- 

ium with the diazobetaiene (2) via a 1.4-dipolar cycloaddition. W e n  a usual coupl- 

ing took place, hydrazones were formed. 6 

3. Dipolar cycloaddition reactions: 

Diazoheterocyclic compounds were found to be active intermediates for the eynthesis 

of fused rings through [4+2] dipolar cycloaddition reactions. Thus, fused triazines 

were formed by the addition of 3-diazopyrazoles to a variety of dipolarophils under 

mild conditions (cf. chart 3)6~9*45-@ 

Recently it has been reported that pyrazolo [l,5-c] -1.2.4-triazoles were formed when 

5-diazo-3-inethyl-4-phenylpyrazole (A) reacts with diazoalkauea. Also the same pyr- 

azolo [I ,5-c] -1,2,4-triaeoles were obtained from diazo free ylides, for example, pyr- 

idium ylides, thus confirming the two steps cycloaddition mechanism suggested in 

6,9,45-48 chart 4. 

In an attempt to use phosphanimines (2) as ylides in the reaction with diazopyra- 

eoles, the expected 3H-pyrazolo [l,5-d] tetrazoles (2) were not obtained, but instead 



Chart 3 

a carbonyl containing species with strong infrared carbonyl absorption was obtained. 

Suggesting how these compounds could have been formed, a reasonable reaction sequ- 

ence seems to  involve isocyanates resulting from reaction of (2) with carbon diox- 

ide from the a i r .  T h i s  view i s  supported by the report tha t  the same compounds were 



HEfEROCYCLES, Vol 19, No 3, 1982 

obtained from the reaction of diazopyraeoles with is0 isocyanatee. This reaction 

can be understood as a 7+2 cycloaddition of the diazopyrazole to the electron def- [ 3 
ioient hetero double bond of the Alternative to the concerted @+2] 

cyoloaddition is the two steps mechanism consisting of a ring nitrogen acylation to 

a 1,9-dipole followed by intemoledar coupling leading to (3). 49 



The reaction of diazolndazoles and 4-diazo-5-phenyl-l,2.4-triazole with isocyanate 

similarly yielded 1,2,3,5-tetrazin[5,4-b] indazol-4-ones (3) and 1,2.3-triazolo- 
[5,1-d -1.2.3.5-tetraein-4-one derivatives (26) .49 

4. Replacement reactions for the diazo group: 

Heterocyclic diaeonium compounds undergo dediazotization reactions common for their 

benzenoid counter parts. 26150-53 Thus, the diazo group in many d1azoheterocg.clic 

compounds w a  replaced by mbstituents m c h  ae 01, EW, I, P, B CN, phenyl and 3' 

pyridyl. As an example, when pyrazole-3-diazonium chloride reacted with either Cup- 

roue chloride, a mixture of potassium and sodium fluoride or cuprous cyaaide, the 

3-chloro- (a), 3-fluoro- (2) or the 3-cyanopyrazole (2) were obtained respect- 

ively. 

l!he Gomberg-Wlchman reaction of the heterncyclic diazo compounds has been investig- 

ated by m t a  et they have shorn that when (2) waa refluxed in benzene for 

14 h 3,5-dimethyl-4-pheng.lpmole (z), bipheqyl (2). 3 , 5 ~ t h y l ~ a ~ o l e  (II) 
and the pyrazolo 3,4-c pyrazole (2) were obtained in 36, 17. 12 and 1% yields. 

respectively. On replacement of benzene by nitrobenzene, the reaction gave 4-nitro- 

phenylpyrazole (z) in ratio of 10:3:3 for o, m and p-isomera, respectively. The 
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above mentioned results as well as the formation of biphenyl suggested that the rea- 

ction proceeded via free radical intermediates (cf. chart 5). This suggestion was 

supported by the observed catalytic effect of hydroquinone on the reaction and the 

increment in the yield of (s) by the latter catalyst (cf. chart 6). 

Chart 6 

5. Molecular rearrangement and ring contraction: 

Heterocyclic diazo compounds undergo a variety of interesting molecular rearrange- 

ments to afford products which are difficult to access by other procedures. For ex- 

ample, ring contraction of 5-diazouraoil (x) or its methanolate (=) into the co- 

rresponding 1.2.3-triazolecarbourmide (2) has been reported 

Aleo similar rearrangement takes place in case of 05-6(5)-cyclo-5-diazouridine (2) 
to give I-(B-D-ribofuranosy1)-1 .2.3-triazol-4-carboxamide (41). !be mechdsm of 

this rearrangement wss investigated using 0"-labeled diazouracils and diazourid- 

ines. It was shown that the rearrangement of (a) into (a) proceeds via initial 
5' attack at C-2 by using labeled 018 at 4-position. In the same manner 0 -6(5)-cy- 

clo-5-diazo-2~-deo~dine (a) =and 5-diazo-l-iueth~luracil-6-meWenolate (42) 
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gave the expected triazole derivatives 44 and &, respectively. 'Rlals of rearrang- 

ement of 05-6(5)-cyclo-5-diaeo-~~e~1uridine (g) were unsuccessful and this 

miat be due to the absence of an initial attack by rater. An evidence that the 

ring contractions proceed via E-I, C-2 and bond cleawge vas given by the methan- 



olysis of (g) to give (g )  . methyl 1 -(E-D-riboiuranosyl) -1 2.3-triazolecarboxylate 

(42) and methyl carbanate (2). Methanolyeis of 41 gave l-methyl-1.2.3-triazole-4- 

carbordde (a), g and methyl l-metbyl-l,2,3-trlaeole-4-carbo~late (4). mth8n- 
olysis of (z) gave methyl N-(I ,2.3-tri~ole-4-y1-~arbcnyl)-carbamate (50 )  (of. 

chart I ) .  

Chart 7 
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Compound (=)- obtained on diazotization of 0~-2'-cyclo-5-anino-5'-deoIyuridine 

(x) vhich suggested that these ring contractions require the formation of a tauto- 

meric oarbinol-amidine prior to nucleophilic attack. On the other hand, methanolyeis 

of 5-(3.3-dimetbyl-1-tr1azino)-uridine (z) leads to the formation of compound8 Zp, 

fl, and s. Thls reaction mas probably the result of a direct nuoleophilio attack 
on 2 rather than a prior decomposition of the triazino group since 5-(3.3-dimethyl- 
l-triazino)-1.3-dimethyluracil (s) mas recovered quantitatively unchanged under 
similar conditions. A partial hydrolyeie of 42 labeled xith oxygen-18 at C-2 shored 

a retention of isotopic label and au&gmted that the transition state for ring open- 

ing involved a partial C-B bond cleavage rather than the formation of a tetrahedral 

intermediate. The results anggested that the proton at E-3 of the uracil ring must 

tautomerise to the 0-2 position and the diaeo derivative of this tautomer must be 

formed prior to ring o~ening.~~-~' Ron these data the mechanism demonstrated in 

chart 8 mas suggested. 

0 



3. 

ifoNH2+ 1-f00CH3 
N 
'Y 'Y 

CH3 CH3 
45 9 

Chart 8 
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6. Pyrolysis: 

Recently it ham been reported that the pyrolysis of 3-phewl-4lnethyl-5-diazopyraz- 

ole (2) gave 2-cyano-2-methy1-3-phenyl-2E-aziridine (z. 6M), beneonitrile (Z. 

1M) and acrylonitrile (2, 1%). On the other hend, photolysis of 2 in cyclohex- 

ane yields (15%) and 3(5)-cyclohe1yl-4-methy1-5(3)-phenylp~razole (60, 6M) 45 

(cf. chart 9). 

+ 

heat or hvt ph 
P h 

C= C 
NC' 'P h 

.. 
FC H3C-C N 

P h I 

56 
hv hexane 

- I Cb -- 
-N2 - P h 

Ph 

60 - 
Chart 9 



MASS SPECTFlA OF HETEROCYCLIC DIAZO COMZOUNDS: 

Up to our knodedges, few investigations have dealt nlth the mass spectra of hetem- 

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

ions of measurement might be the reason for the lack of data on this abject. 

Thorsted and undheim6I have recently discussed the mass spectra of the diazopyrid- 

ones 9, 62 and a. The authors have shown that these compounds are characterized by 
a signal due to the M - A2 ions which arise both by pyrolysis followed by ionization 

and by electron Induced fragmentation of the diazo oxides. 

Tha authors6' bnve compared the mass spectra pattern of these compounds with that 

of the model compounds f?4 and a. They have concluded the folloving fragmentation 
patterns for theee compounds (cf. chart 10). 
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Chart 10 
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