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Abstract — Reactions of arene and heteroaromatics diazonium salts with active
methylene compounds having cyano group have been illustrated to afford
hydrazonoalkanenitriles with a range of substituents. Structural investigation for
hydrazonoalkanenitriles has been made. Furthermore the reactivity of
hyrazonoalkanenitriles towards nucleophilic and electrophilic reagents has been
displayed.

1. INTRODUCTION
Hydrazonoalkanenitriles with cyano function as electrophilic moiety and hydrazone nitrogen as

nucleophilic one are bidentate reagents. They are interesting precursors to a variety of heteroaromatics.
The synthetic approaches to hydrazononitriles as well as their chemistry are affected by the relative
position of the hydrazone and nitrile functionality. There are several situations, 2-hydrazononitriles 1A, 3-
hydrazononitriles 1B, and 4-hydrazononitriles 1C. In compound 1A the hydrazone and nitrile moieties
cannot undergo intramolecular cyclization in contrast to 1B and 1C where intramolecular cyclization into
heteroaromatic five or six membered ring is very ready and thus only under special condition the acyclic
1B and 1C have been made. In the present article reported synthesis of hydrazones 1A-C will be

summarized. Only chemical reactivity of 1A however will be discussed.
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2. SYNTHETIC APPROACHES TO HYDRAZONOALKANENITRILES

2.1. COUPLING COMPOUNDS HAVING CYANO GROUP WITH AROMATIC DIAZONIUM
SALTS

Active methylene nitriles readily couple with aromatic diazonium salts in presence of sodium acetate™™

to yield the corresponding arylhydrazonoalkane nitriles (Table 1).

+ -
Yo CN  ArN=SNCI Y\H/CN
yd —_—
CH,
NSNHAr
2a-v 3a-v

Table 1. Coupling of active methylene compounds 2a-v with aromatic diazonium salts

Entry Y Compd. Ref. Entry Y Compd. Ref.
No. No.
1 CN 3a 3,16 [
2 CO,Et 3b 34,917 12 X 3Im 32
o)
3 COR 3¢ 5,7,18,19 [X=0,9]
4 CONH, 3d 20 o
NC N
5 CSNH, 3e 21 13 | P 3n 33
H,N" TN
6 CONHNH, 3f 22
X -
7 4-NO,C,H, 39 23 1 | N \Br 30 34
R
8 N\ 3h 21,24-29 N
| S>_ 15 J\ 3p-s 35-38
R X
OY\S [X = O, S, NH, NMe]
9 3i 21,24-29
Nﬁ\ N

16 ©\7N/;\'1 3t 38
| )S\ 3 30

o)
10 N\N/
17 | s 146
0 N
O /”\ H
11 | 3k 31
NS Me CH,OR

18 3v 39

OROR

2-Cyano-3-substituted crotononitriles 4 coupled with aromatic diazonium salts to yield either 5 or 6
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depending on the applied reaction condition.“>* Compound 5 readily afforded the pyridazinimine 7 while
6 gave the arylazopyridazinone 8 upon cyclization under the stated conditions. It was reported that*?
coupling 4 with benzenediazonium chloride in presence of sodium hydroxide gives 3a. Also coupling 4
with diazotized anthranilic acid affords the monohydrazone 9 or the amidrazone 10 depending on the
applied reaction condition. Whereas 9 cyclized smoothly on refluxing in acetic acid into pyridazino[2,3-a]
ginazolinone derivative 11, the amidrazone 10 afforded the acetyl derivative of 12 when treated under the

same condition®® (cf. Scheme 1).

NCICN
| + _
Ph Me Ar N=N Cl
CO,H | AcOH / NaOAc
©[+ i =N G |
N,Cl ArN=N Cl ArNEN G
2 EtOH / NaOAc
NaOH
l ’ NC CN
CN
NC
LN N L —NHAr
— N ~N—NHAr pp
_ N
CN N, " A N=N-Ar ° J A
|\|I N ’T‘
QN NH NH ACOH / H,0 lheat NH
CO,H CO,H CO,H o | [l\l’Ar
_N
10 9 N 7
N=N-Ar
heat / AcOH heat / AcOH .
o
/
/
COMe
Scheme 1

While coupling 13 with aromatic diazonium salts in ethanolic sodium acetate affords the arylhydrazones
14 which could not be isolated in a pure form, the pyridazinimine 15 was isolated on short reflux of the

hydrazone in acetic acid® (cf. Scheme 2).
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Scheme 2
Also the substituted crotononitrile 16°°*** couples with the aromatic diazonium salts to afford the
acyclic hydrazone 17 which on boiling in acetic acid affords the pyridazinone 18 or pyidazine carboxylate
19 (cf. Scheme 3).

NC X NC X NC Ar

+ -
| ArN=N CI | _heat _ N
co et _N—NHAr  AcOH _N
Me Me

X=COEt Me
17 CO,Et CO,Et

X = CN, CO,Et « = on| heat 7 Acon s

16

Ar
19

Scheme 3

Other examples are cyclization of products of coupling 20a,b with aromatic diazonium salts into
pyridazinimines 22a,b***" (cf. Scheme 4).

__— NH
NC. _CN —N= NC. _CN _Ar
Ar—N=NCl HN~ NC N/Ar
AcOH / ACON I\1 '
C C a =
Ph Ph Ph N
R R R
20 a,R = CO,Et 21 22 a, R=CO,Et
b,R=CN _
Scheme 4 b,R=CN

Aromatic diazonium salts couple with functionally substituted crotononitriles 23a-c affording the
corresponding hydrazones 24a-c, that cyclized readily into the pyridazinimine 25, 26 and the
pyridazinone 27.*%° Mittelbach er al.*° has reported that 24a as soon as it is formed in the reaction
medium cyclized to form 25. This suggestion was later rejected by Elnagdi ez al.***° based on *C NMR
data, pK, values as well as electrochemical behavior of this product that support their believe that the

product is really the hydrazone 24a. Junek® has reported that 24a was cyclized into the pyridine 28 on
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treatment with alkoxides. Recently Elnagdi et al. ®% suggested that 28 is really 29 (cf. Scheme 5).

HN CN HN CN

+ -
2 ArN=NCI v
J:< 42:< a,X=Y=CN
X \ X—\ Y 24a-c

b, X = CO,Et Y = CN
N~

234-C NHAr c,X=Y=CO,Et
X = CO,Et
X=Y=CN X=Y=COEt | _cN X=Y=CN
’ RO, l l l
7/
NH, NH, NH,
NTREN \H, EtO,C | NN EtO,C | N N | NN
CN AN=N CN N N N
RO™ | N | N \I?I o \ITI NH \ITI NH
N 7 Ar Ar Ar
N NHHNT N TOR o5
Ar 28 27 26
29
Scheme 5

Diazonium salts of methyl anthranilate 30a or anthranilonitrile 30b couples with nitriles 23a to give

hydrazones 31 that simultaneously cyclises into pyridazinimines 32 then to pyridazinoquinazolines 33.>*
(cf. Scheme 6).

NH, NH,
«_ _CN
. NC NC CN
NEN cI | B
. N. CN N
H:N):<CN * — “NH . SNTTSNH
X = CO,Me CO,Me
o o ] , co,Me
23a 30 a, X=COMe | _ L _
b, X = CN 32
0
Scheme 6 33

Recent application of this approach is the coupling of 1-amino-2-(4-oxothiazolin-2-yl)ethylidene -

malononitrile 34 with benzenediazonium chloride to yield the corresponding diphenylhydrazone 35 that
was cyclized into the thiazolylpyridazinone 36% (cf. Scheme 7).
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Scheme 7
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2-Cyano-5-phenyl-3,5-dioxopentanonitrile (37) undergoes coupling reaction with the aromatic diazonium
salts to afford the colored hydrazo products 38a-f. Refluxing compounds 38a-d in ethanolic sodium
hydroxide accomplished their cyclization to the pyridazine derivatives 39a-d, while the same treatment of
compound 38e and 38f led to the pyridazino[2,3-a]quinazoline derivatives 40 and 41 respectively® (cf.

Scheme 8).
0O O
0O O
CN  Ar =N G N
Ph ArN=NCl  Ph |
N CN
CN ~ 38a-f
37 NH
Ar
20% NaOH/ EtOH 38a-d
j 3gf l 38e l
0
7 ? PhCO CN
Phcow)tm PhCO CN B
] | N
N ~
N" 'NH N\N N 'TI NH,
| Ar
© NH, 39a-d
Ar [ 38-41
41 40 a| CH.
b | 4- MeOCH,
C [4-CICH,
d [4-MeCH,
e [2-NCCH,
Scheme 8 f |2- MeO,CC,H,
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2.2. COUPLING ACTIVE METHYLENE COMPOUNDS HAVING CYANO GROUP WITH
HETEROAROMATIC DIAZONIUM SALTS

Heterocyclic diazonium salts also readily couple with active methylene compounds yielding either
arylhydrazones, that readily cyclize into aminoazoloazine or directly azoloazines depending on the nature

of the utilized amine. Coupling diazotized aminopyrazoles 42 with active methylene reagents gave the

corresponding acyclic hydrazones that readily cyclized under mild condition into the corresponding
43, 65-80

azolotriazines 48-51 (cf. Scheme 9).

NH,
Y
ON N\\N)ﬁ/K 2
R
2r, 2h, 2] 48 R

Y = benzimidazole, thiazole,
1,3,4-thiadiazole

o )J\/ 1 + CN
CN R N=NCl X _CN R N =<
HN—N ~ _ N—N
N\ e Vol 2a,b,d 2 A NH %
N R®™ N o R™ N7

42
CO Et

CN
0 NH, \ N%
N |
SN ﬁ)\ 49a,b.d
R ©; 49a; X = CN
50 AN 49b; X = CO,Et

bz = benzothiazol-2-yl CO - _ 49d; X = CONH,
R1
l R
N N |

NWN—N
@NYNH

Scheme 9

43,81-82
2

Also diazotized aminoantipyrene 5 readily couple with active methylene compounds yielding the
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corresponding hydrazones 53-54 (cf. Scheme 10).

CIN=N o
| N
Me ITI/ SAr
Me 52
4
l l 2p-r lZa-c
NC CN
| 0 |N X CN
NN )YCN
Ph ~
N X N N 0]
Me”™ N7 ar N~n o HTl
H N
Me | N Me” N7 ar
NI I
Me ITI Ar Me
54 Me 53a-c
53p-r
Scheme 10

It has been found that 3-amino-5-methylisoxazole® is readily diazotized by sodium nitrite and sulphuric
acid to afford the corresponding diazonium salt 55 which easily coupled with 2ab and
2-aminocrotononitrile 56 to afford the corresponding hydrazones 57a,b and 58. In case of coupling 55

with 2a and 2b the diazoaminoisoxazole derivative 59 was also formed in addition to the corresponding

hydrazones (cf. Scheme 11).

H
v N N=N—N
- +
2a,b N N:< R U
- | |N COX Me” o S0 “Me
Me” 07

NEN HSO 57a, X=NH, 59
- 4 b, X=0OC,H,

/N Me

Me” Yo HN H NH
>=CHCN N—N
M
55 e | |N CN
56 Me -
-

Scheme 11

Diazotized aminothiazole derivative 60** coupled with benzoylacetonitrile 61 to give thiazolo[2,3-c]

[1,2,4] triazine derivative 62 (cf. Scheme 12).
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Scheme 12
Coupling of 1H-1,2,4-triazole-5-diazonium nitrate 63%°34% with active methylene compounds gave the

corresponding azolotriazines 68-71 (cf. Scheme 13).

o NH

2
YHNM N_JN\
N )%
N N R
71 0
CN
Y = thiazole YHNJ\/
o 64 y oN
0 N )
JT(CN HN——N b)J\/CN N N=NNO, NN NN ¥
bz Z —l’_
N— /]\\ | - )\\ NH 2a,b,d X _NH
H N~ SR 43 N 65
67 63
Na
J ‘ Y\/CN N:‘/ N
o NH, 2h, 2p-s )\\ Ne =
Y. _CN NN R™ N7 X
7 "N—N \ﬂ/ NH
b2 | :
N
N\\NANJ\R N\H/I\N)\R 68a,b,d
0 66 a; X =CN
bz = benzothiazol-2-y! ‘ heat/pyridine Ziiggzl\'il
NH,,
Y
N N
SNTSNT R

69 Y = benzimidazol-2-yl,N-methylbenzimidazol-2-yl
benzothiazol-2-yl, benzoxazol-2-yl, thiazol-2-yl

Scheme 13

79,80,85
2

In a similar manner 1H-benzimidazole-2-diazonium sulfate 7 couples with acetonitrile derivatives

to afford firstly the acyclic hydrazones 73-76 which then cyclized intramolecularly when heated in

pyridine to the corresponding benzoazolotriazine derivatives 77-80 (cf. Scheme 14).
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Scheme 14

Similarly, indazole-3-diazonium chloride 81% also coupled readily with 2p-s to afford the expected
hydrazones 82p-s in a high yields. Heating the hydrazones 82p-s in pyridine, gave the corresponding
1,2,4-triazino[4,3-b]indazole derivatives 83p-s (cf. Scheme 15).
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The 3-amino-2-cyano-4,6-disubstitutedthieno[2,3-b]pyridines (84) can be diazotized with sulphuric acid
to afford the diazonium sulfate 85 which coupled with 3-aminocrotononitrile 56 in sodium acetate

buffered solution to give the thieno[2,3-b]pyridines 86% (cf. Scheme 16).

R H.N
R + - 2
CHCN
_ NH, NEN HSO, 0
NaNO,/ H* =
Mo == [ 56
N\
R™ N7 Ys” ScwN R N N e I
84 85 R Me
H Q\:NH
_ N—N
| | CN
N
R™ N7 Ys7 SeN
Scheme 16 86

Furthermore, thieno[2,3-b]pyridines 87 coupled with aromatic diazonium salts to afford the

corresponding arylhydrazone derivatives 88%" (cf. Scheme 17).

+ -
NC
ArN,ClI
—_—
H,N
Scheme 17

Similarly diazotizing 89 in presence of hydrochloric acid gives 90 that coupled with malononitrile to yield
91%-89 (¢f. Scheme 18).



2556 HETEROCYCLES, Vol. 71, No. 12, 2007

X X X
NaNO,/ HCI NC\/CN
| || — O | CN
S” 'NH, S N=N Cl S N_N=<

H CN

89a,b 90 91

X = CN, CO,Et
Scheme 18

Diazotized 3-aminopyridine 92% behaves in similar manner towards active methylene compounds to give

the corresponding hydrazones 93 (cf. Scheme 19).

+ - X\H/CN
X N=NCl 2a-c N
| — TN
— H |
N =
N

92 93a-c
a; X=CN
b; X = CO,Et

Scheme 19 c; X=COR

2.3. COUPLING OF ENAMINONITRILES WITH AROMATIC DIAZONIUM SALTS
Enaminonitriles coupled with aromatic diazonium salts to yield the corresponding 2-arylhydrazono-3-

oxoalkanenitriles 95° or 2-arylhydrazonoalkane nitriles®*® 98, 100 and 102 (cf. Scheme 20).

o)
NH, i N
)\/CN Ar N=N CI R
R H,0
N—NHAr
94 95
NAr
Ph CN ) N=
+ CN Ph CN
\E Ar N=N Cl Pht \ﬂ/
—_— —_—
NG N+ ) N~NHAr
96 97 98
NH-NHCOCH,CN N-NHCOCH,CN
. _CN Ar N=N Cl CN
Me —F— > Me |
N
99 ~NHAr 100
CN Ar—N=N_ _CN
0 ima X
H,N" “Ph Ar N=N Cl HN" P
102

101
Scheme 20
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Coupling 2-cyano-5-dimethylamino-3-substitutedpent-2,4-dienonitriles 103 with benzenediazonium

chloride in ethanolic sodium hydroxide gives the pyridazinals 104°* (cf. Scheme 21).

NH
NC.__CN ArNEN Cl N NG N
:[]/\/\ NaOH N
R Z “NMe, R
CHO
103 104

Scheme 21

The coupling of 105a-c with aromatic diazonium salts gives 107 via 106 which could be isolated in some
cases.” The coupling of cyanoacetic acid 108 with aromatic diazonium salts give formazanes 109% that
are also produced through coupling 105a-c or 107 with excess aromatic diazonium salts.*>*® Also the
formazanes 109 could be obtained via coupling the aldoximes 110 with excess aromatic diazonium
salts,”® or similarly by coupling the arylazo cyanoacetarylamides 111 with aromatic diazonium salts in

sodium hydroxide® (cf. Scheme 22).

CN
CN . .
1 —/ ArN=N ClI Rw / <
R~ \ > 2; N N=NAr
2~ 105 R 106
a: Rl= R2= Et a-c
b: Rl= R2= Ph
! excess
¢; R'=R?=(CH,); + - H,O
ArN=N Cl
+ -
+ - N excess ArN=NC NCYCHO
an=Ncl  NC “NHAr ~ \
~NHAr
NaOH
an=N 109 107
NCYCONHAr orcess
+ -
AN=N Cl 0
N~NHAr excess )k/\
= A
111 NC. O aNENCl R NOH
N2 110
108

Scheme 22
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2.4. REACTIONS WITH HYDRAZONOYL HALIDES
Shawalli ez al.***™ have reported formation of 113 from reaction of 112 with cyanide ion.? The reaction

was conducted in ethanolic solution at room temperature (cf. Scheme 23).

R.__Cl CN R. _CN
Y \[(
N\NHAr N\NHAr

112 113
Scheme 23

Treatment of 2-oxohydrazonoyl halides 114?°% with 2-arylhydrazonocyanothioacetamide (3e) yielded
the azo derivatives 115 (cf. Scheme 24).

o) S R

X NC% ]TN

NH -

R)S( . | ) | | N
N\NHAI’ ~NHAr ArN=N S

N—NHAr
114 3e 115

Scheme 24

2.5. REACTION OF ARYLHYDRAZONOALKANAL WITH HYDROXYLAMINE

Recently Elnagdi et q7.%81%%1%®

could efficiently synthesis 3-oxo-2-aryl-hydrazonoalkanenitriles 95 from
the reaction of arylhydrazonals 116 with hydroxylamine hydrochloride or hydroxylamine-O-sulphonic

acid under thermal and microwave irradiation (cf. Scheme 25).

O O

CHO NH,OH.HCI CN
R - R

N— or NH,0SO;H N—
NHAr reflux or MW NHAr
116 95
Scheme 25

2.6. CONDENSATION OF OXOALKANENITRILES WITH HYDRAZINES (PREPERATION
OF # AND »~HYDRAZONONITRILE)
3-Oxoalkanenitriles 117 condense with arylhydrazines yielding the arylhydrazone derivatives 118 that

readily cyclized into the corresponding 5-aminopyrazole derivatives 119°°%**3 (cf. Scheme 26).
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O N/NHR
) cn _RNHNH,
R CN
2
R
117 118 119
Scheme 26

Sprio and Fabra™*!® have investigated the reaction of semicarbazide hydrochloride 120 with
benzoylacetonitrile 2c and have shown that the product, is really 3-phenyl-3-oxopropanenitrile
semicarbazone (121). The other product, was proved to be the pyrazolo[2,3-a]pyrimidine derivative 122
(cf. Scheme 27).

H
o N/N\CONHZ _*(E§T/N\ Ph
o CN H,N-NH-CONH, )l\/CN + Ph \N/N%
120 Ph CN
2c 121 122 NH,
Scheme 27

The arylidene derivatives of 3-oxopropanenitrile 123 were reported to condense with phenylhydrazine to
give the isolable phenylhydrazone intermediates 124 together with the aminopyrazole 12514116119
Elnagdi et al.***# have reported that 123 reacts with A-cyanoethylhydrazine to yield the isolable

hydrazones 126. (cf. Scheme 28).

H
/N\\//\\CN o)

| en CN PhNHNH, N—NHPh  Ph

" e s e
N ~
Ar unN "N Ar | N° NH,
’ AT I|3h
126 123

124 125

Scheme 28

2.7. MISCELLANEOUS SYNTHETIC APPROACHES

A variety of new heterocyclic hydrazonoalkanenitriles can be prepared from the hydrazide 127 and
amidrazone 129. For example both hydrazide 127 and amidrazone 129 reacted with acetylacetone
yielding the pyrazole derivatives 128 and 130 respectively.?®* On the other hand amidrazone 129 reacted
with ethyl chloroformate, ethyl chloroacetate and nitrous acid to yield the corresponding 1,2,4-triazole
derivative 131, 1,2 4-triazine derivative 132 and 1,2,4-tetrazole derivative 133 respectively’®  (cf.
Scheme 29).
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Heating the amidrazone 129 in pyridine or in acetone for long period it was converted into the hydrazone
134% (cf. Scheme 30).

NH,

NC CN

NCW/& pyridine or
N-NH -
| 2 acetone T\[
N N—Me N—Me
||3h Ph
129 134

Scheme 30

Refluxing 135 in a dioxane/acetonitrile mixture resulted in the formation of the hydrozonyl bromide 136>
(cf. Scheme 31).
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| - Br CN
+
Z N\H/CN Br dioxane/MeCN \ﬂ/
N - N\NHAI’
“NHAr
135 136

Scheme 31

3. STRUCTURAL STUDIES ON HYDRAZONONITRILES

Plenty of investigation on structure of arylhydrazononitriles has been made. Arylhydrazononitriles may in
theory exist in the azo form 113A or the hydrazone form 113B and in case of the presence of carbonyl
functional substituents an added enol azo form 95B may be also drawn beside the keto form 95A. From
time to time several authors have presented data in favour of one or more of these forms or suggested
presence of an equilibrium mixture of more than one form. However it was established long ago that
these compounds prefer the hydrazone form 113B. Elnagdi ez al. have used polargraphy to investigate the
structure of these compounds, while a detailed discussion of *H NMR spectra of several oxoalkanenitrile
derivatives has been made. Elnagdi and his colleges have suggested,®’®*#**32 hased on polargraphic data
and the effect of substituents on the polargraphic and the acid dissociation constants, that compound 113B
exist in ethanolic solutions at pH< 4 in the hydrazone form. At pH > 4, these compounds were shown to
exist as an equilibrium mixture of the arylhydrazone 113B and the resonance stabilized anion. Recent
studies utilizing dipole moment measurements and calculation of the theoretical dipole moment of each of
the forms 95A-D indicated that these compounds can be best presented in the solid state and in inert

solvents as the zwitterion 95D (cf. Chart 2).

R. _CN R. _CN
T —"
SNAr “NHAr
113A 113B
9 OH 0 .
CN
~. _CN CN
R)’SW/ L R)\/ R)H/ R)ﬁ/CN
N— -
NHAr N\NAF N:NAF N:NAI'
95A 95B 95C o5p t

Chart 2

Perlin er al.™* has observed that these hydrazones having low field NH signal at § 12-14, and so they
suggested the presence of the syn hydrogen bonded form 95A to account for the observed deshielding
effect of the hydrazones NH in the *H NMR spectra. The stability of this form over the possible anti form
95A was attributed to the effect of the hydrogen bonding (Chart 3).
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R 0
Qéj*m/CN R )S(CN
H\I}I/N N—NHAr

Ar

95A (syn) 95A (anti)
Chart 3

Recently however Elnagdi ez al.*** have obtained X-ray data for several oxoalkanonitrile derivatives and
could show that in contrast to a general assumption of presence of syn hydrogen bonded forms actually
these compounds did exist in the anti form 95A. This clearly indicated that stereoeletronic effect
overweight possible fixation by the hydrogen bonding. Elnagdi ez al.**® reported X-ray crystal structure
for 137, it was noted that the molecule is planar and adopts anti configuration for hydrazone and carbonyl
function. It is of value to note also that S and O are also anti to each other. This lead to conclusion that the
streoelectronic factors significantly overweigh possible hydrogen bonding fixation. As a result Hafez and
Elnagdi*®* have also obtained X-ray structure for 138 which adopted E-form and the phenyl group now
free from streoelectronic factors rotated and become almost perpendicular to the plane in most stable

conformation (Chart 4).

O 0
]\ CN CN
s N| |
\NH N\NH
Me
137 138
Chart 4

It can thus be concluded that the observed low field NH signal in *H NMR is in fact due to extensive
delocalization of nitrogen atom lone pair rendering hydrazone carbon electron rich. In support of this
view 'H NMR of phenyhydrazonomesoxalonitrile showed NH signal at § ~ 13.0 ppm. Here the

hydrogen bonding is not possible.
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4, CHEMICAL PROPERTIES OF HYDRAZONOALKANENITRILES

4.1. REACTION WITH ELECTROPHILIC REAGENTS

4.1.1. REACTION WITH CARBON ELECTROPHILES

The best investigated reaction is alkylation and reactions with diazomethane,®” methyl iodide?***" and
ethyl iodide (cf. Scheme 32).

R.__CN
R\H/CN Et R\H/CN CH,N, or \E/
N—~N—Et N—NH Mel \\T—Me
,l\r ,L\r Ar
140 113 139

Scheme 32

Goncalves et al.**® have reported that 113 could react successfully with chloroacetonitrile in presence of

triethylamine producing 4-aminopyrazoles 141 (cf. Scheme 33).

R NH,
R\H/CN CICH,CN ]
~ N
N EtN ~
~—NH : NN
Ar Ar
113 141

Scheme 33

Gewald and coworkers reported cyclization of 3a in presence of nitrobenzene and anhydrous aluminum
chloride (Friedel-Craft's conditions) into cinnolines 14234 (cf. Scheme 34).

NH2
NC\(CN
NC
N AICI, =
~ _—

H N\\N

33 142
Scheme 34

When the hydrazononitrile 3 was treated with chloroacetonitrile, the open chain ester 143 was formed
instead of the pyrazole 144. However When 3 was treated with ethyl bromoethanoate, cyclization did
occur and the 4-amino-3-cyano-5-ethoxycarbonylpyrazole derivatives 145 were obtained*** (cf. Scheme
35).
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COH
CN
N—N=
R CN
| 3
BrCH,CO,Et I CICH,CN
CO,CH,CO,Et
2CH,CO, CO,CH.CN CO,CH,CN
. cn R
N/N| CO,Et N_N:< NN
H
| R CN |
NC NH, NG NH,
145 143 144

Scheme 35

The hydrazonoalkanals 107% react with phenylhydrazine to yield the corresponding phenylhydrazone 146
in excellent yield under a variety of conditions. The latter was failed to cyclize into aminopyrazole
derivatives. Recently Brehme et al.*****° has reported that aldehyde hydrazones are readily formylated on
heating with phosphorus trichloride and dimethylformamide (Vilsmeier—-Haack reagent). Also compound
146 was found to be readily formylated by the same reagent to yield a product that was formulated as the

arylazopyrazole derivative 148 which is formed via the non isolable intermediate 147 (cf. Scheme 36).

NC CHO Ncw/\\N/NHPh CHO
wl/ PhNHNH, | POCI,, DMF | N \N/NHPh

N~NHAr N~NHAr |

107 146 N~NHAr
o N _Ar 147
=N—
H,N | |
™)
Ph 148
Scheme 36

Furthermore compound 107 reacts with chloroacetone to yield the pyrazole carbonitrile 149 which
formed most likely via alkylation of 107 and subsequent cyclization.”*® 3-Oxo-2-arylhydrazonalkane

nitrile 3u also react with a-halo compounds to yield pyrazole derivatives 150*° (cf. Scheme 37).
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NC
NC CHO | |
N
\ﬂ/ CICH,COMe N COMe
~NHAr —————————>= éh
107 149
o) 0
CN  XCH,R NH,
R [ 7
N ~NHAr N N R
H H N
3u 150 Ar

Scheme 37
The hydrazide 127 reacts with acyl halides to yield the acyl derivatives 151a-d. Also the semicarbazide
and thiosemicarbazide derivatives 152a,b could be obtained via the reaction of 127 with phenylisocyanate
and phenylisothiocyanate respectively. Compound 127 reacted with formaldehyde to vyields the
hydroxymethy! derivative 153 while it reacted with benzaldehyde affording the Schiff’s base 154*% (cf.
Scheme 38).

0
NC
NHNH
| 2
N
“N—Me
Ph 127
PhCHO lCHzo PhNCX l RCOX
Ncw)?\ NCw)OK f H ?
NHN= NHNHCH,OH NC N.__NHPh NC
| CHPh | ? \HJ\N/ hd NHNHCOR
N NN N| "o N|
- —ve
lTl Me | \lTl—Me \T_Me
Ph Ph
Ph 152 Ph 1514
153 X=0
154 X =S a: R =Me,b: R = Ph
C: R = CH,COMe
d: R = OEt
Scheme 38

In a similar manner the amidrazone 129 reacts with acetyl chloride to yield pyrazolimine derivative 155
which was converted into diaminopyrazole 156 by the action of ammonium hydroxide. Compound 129
reacted with benzoyl chloride to yield 158, which is formed on refluxing 157 in acid. Also the amidrazone
129 condensed with benzaldehyde affording the corresponding Schiff’s base 159. Similarly compound
129 reacts with ethyl acetoacetate to yield a product for which structure 160 was assigned'?®

39).

(cf. Scheme
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NH,
NC
| N-NH,
N
“N—Me
‘Ph 129
l MeCOCH,CO,Et l PhCHO l PhCOCI lMeCOCI
NHCOCH,COMe NH NHCOPh e
\ﬁ/L§NNHz \ﬁ/ﬂ\NHN=CHPh NC\H/L§N¢%5 Pn—i— Ni .(
N—Me \N—M NN —
| e 'T' Me ~CoMe
Ph Ph Ph 157
1 159
60 lAcOH/HCI |v|e l NH,OH
Ph— N N
0
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N\ITI—Me 156
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Scheme 39

The amidrazone 129% reacted with benzoylisothiocyanate in refluxing acetone to yield 1-aminotriazine
derivatives 161 (cf. Scheme 40).
S

NH,

% .
N=NH, PhCONCS ||

| — A

N Ne N~ ~Ph

“N—Me | |

| N NH
Ar Me_’TI/

NC

2

129 Ar 161
Scheme 40

Compound 135 was converted into the cyanoindazole hydrobromide 163 when refluxed in
dimethylformamide (DMF). The formation of this indazole derivative is believed to proceed through the
intermediacy of the nitrilimine 162 which undergoes intramolecular cyclization into 163, also fusion of
135 with the enaminone 164 afforded the pyrazole 165. However compound 135, was readily converted

almost quantitatively upon reflux in acetonitrile in presence of ammonium acetate into the 1,4-diphenyl-
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1,2,4,5-tetrazine 166%* (cf. Scheme 41).

DMF — —
reflux CN
> CN
Nen-[F U J-Br—™ N - HBr
T N N
Ph H
162 163
AN - 0o o

NHPh I

135 165

L

MeCN/NH,0AC  ph_

166
Scheme 41

Slouka and Budkiora™*’ reported synthesis of the triazine 169 via condensing the arylhydrazones 167 with

ethyl chloroformate and subsequent cyclization of the resulting product 168** (cf. Scheme 42).

CN
CN \
_ N CICOEt  AHN—N= CO,Et N=
ArHN—N — N — Ar—N o
CONHMe g N\ N,
Me e} Me
167 168 169
Scheme 42

4.1.11. REACTION WITH NITROGEN ELECTROPHILES

Compound 107 couples with aromatic diazonium salts yielding the formazanes 109% (cf. Scheme 43).

NC\ﬂ/
=N

N~NHAr ANT
107 109

Scheme 43

+
CHO excess ArN=NCI NC\TéN\NHAr
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4.2. REACTION WITH NUCLEOPHILIC REAGENTS

4.2.1. REACTION WITH CARBON NUCLEOPHILES

Elnagdi et al.>****® have reported on the behaviour of the 2-arylhydrazonoalkane nitriles 3¢ toward
Grignard reagents. It was shown that these arylhydrazone derivatives 3c react with arylmagnesium
halides in ether solution at room temperature (rt), to afford the carbinols 170. Reaction of the latter with
chloroacetonitrile afforded the corresponding 4-aminopyrazole derivative 171. On the other hand, when
the reaction of compound 3c with arylmagnesium halides was conducted in refluxing benzene solution,
addition of the Grignard reagent to both carbonyl and cyano moieties took place to yield the ketimino-
carbinols 172. It is worth to mention that; 3c is formed from reaction of 3a with Grignard reagent (cf.
Scheme 44).

OH NH 0 OH

PhM Ph)H/CN A PhNCN
R | R RMeX I 9 R
N\NH reflux \ITIH rt \ITIH
'L\r 3C Ar AI‘
172 + 170
’ PhMgBI/ H,0 ‘C'CHZCN
NC. _CN OH
T oh NH,
N R
- T
| N CN
Ar |
Ar
3a 171
Scheme 44

149-157 b152,153

The pyridazin-6-oxo-3,5-dicarbonitrile derivatives 173a and pyridazin-3- carbonitrile 173 are
prepared via condensation of the arylhydrazonoalkane nitriles 3 with ethyl cyanoacetate and ethyl
benzoylacetate respectively in presence of ammonium acetate. Also condensation of 3 with diethyl

malonate affords the corresponding ethyl pyridazine- carboxylate 174*** 1*° (cf. Scheme 45).

Me CO,Et o <Y R
NC CO,Et NG v
N COEt g CN CO.Et A
N -~ | =, |l
N
\[?| O R = Me N\NH NH,OAc / AcOH \l}l 0
Ar Ar R= Me, Et Ar
174 3 173a,b
173a; Y =CN

Scheme 45 173b; Y = COPh
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Fusion of the arylhydrazono nitriles 3 with malononitrile in presence of ammonium acetate affords the
pyridazin-6-imine derivatives 175.1*® Compound 175 had been obtained earlier via coupling of 176 with
aryldiazonium chloride. In a similar manner compound 3 also condensed with 23a to yield the
pyridopyridazines 179 presumably via the intermediacy of 177 and 178*°®*®* (cf. Scheme 46).

Ph
+ Ph CN
9 CH,(CN) NC AN CN Ar N=N ClI —
Ph NH,OAc N NC CN
| N~ SNH
No I
Ar 175
3
H,N  CN Ph NH,
NC o CN
NC CN |
N NS
23a \'Tl N NH
B NH, Ph | ~ - Ar
2 Ph  NH, 179
NC CN
\F NC N X CN
CN CN N = N| N
HIN N7 SNH
Ar ,!Ar
177 178
Scheme 46

Arylhydrazono nitrile 3 condenses with 3-amino-2-cyanopent-2-ene-1,5-dinitrile 23a to yield

aminopyridine derivative 181'%%1%® (cf. Scheme 47).

o H:N>Z<CN NH, Me NH,
ArNH—N
N CN CN N NS NS
“NH 23a / Me
| CN
Ar Ar
3 N 180 - 181
Scheme 47

Arylhydrazono nitrile 182 reacts with malononitrile to yield the condensation product 183.** While
reaction of 182 with phenylisothiocyanate in presence of triethylamine gave triazineimine derivative
184 (cf. Scheme 48).
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O
O NH CN NC. CN
NG _Ph NC\)H/CN <CN |
| N PhNCS Nl NC CN
N ~N
g Et,N NH |
| ~
Ph Ar N
184 182 183 Ar
Scheme 48

The arylhydrazonalkanals 107 reacted with hippuric acid in refluxing acetic anhydride to yield 185% (cf.
Scheme 49).

NC CHO NC N NHCOPhHh
\”/ PhCONHCHZCOOH |
N g N
~NHAr 'Tl O
Ar
185
107 Scheme 49

The arylhydrazonomesoxalonitriles 3a reacted with malononitrile in refluxing ethanol-triethylamine
solution to yield the corresponding 1:2 adduct 186.1°8%11%4 |n addition the reaction of 3a with equimolar
proportions of ethyl cyanoacetate, cyanothioacetamide and ethyl acetoacetate under the same
experimental conditions affords the corresponding 4-aminopyridazine-3-carbonitrile derivatives 187a-
.’ Moreover, 3a reacted with 2-cyanomethyl-1H-benzimidazole 2r under reflux affording the

benzimidazo[1,2-a]pyridine derivatives 188 (cf. Scheme 50).

<X NH,
Ar N. _CN
SN v NC CN CH,(CN), Ar\N,N\ N CN
_ . _ N EtOH/TEA
. NH, ®X=CN.Y=COft \ITIH HN N NH,
b, X=CN, Y =CSN
X & Ar CN
187a_c C, X= COMe, Y = COZEt 3a 186
a,X=CN,Z=0 |N
b,X=CN,Z=S )\/CN
c,X=COMe,Z=0 H
|N 2r
CN
L
™
H,N NH,
N
188 N
Ar

Scheme 50
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Reaction of phenylhydrazonoalkanenitrile 189 with malononitrile affording a product of condensation
that formulated as 190’ (cf. Scheme 51).

o)
oy _CHACN),
PRCH; ™ ™, AcOH / NH,OAc
N<
NH
Ph
189 190

Scheme 51

The reaction of 189 with ethyl cyanoacetate to yield 191a required long reflux with azeotropic

b™* was the

elimination of water resulted during condensation. If water was not eliminated the amide 191
sole isolable product. Condensing compounds 189 with dimethylformamide dimethylacetal (DMFDMA)
gives pyridazinones 192A. The IR spectra of this compound did not show any band for ring CO. This

may indicate that this compound is really best represented as 192B** (cf. Scheme 52).

0 0 o N R
NC | R NC | R R\)K(CN < y o
DMFDMA
Nt - N | | CO,Et | X
N N N< —_—
' \ '?'H N\N 0
Ar Ar Ar |
192B 192A 189 Ar
191 a, X =CN
Scheme 52 b, X = CONH,

The hydrazonomesoxalonitrile 89 reacted with active methylene compounds 2a,b and 2e to afford a
variety of substituted pyridazines 193a,b,e® (cf. Scheme 53).

CN CN
Y
S N—N:< S N
H CN X

p
2a,b,e X NH,

CN
193a,b,e
aX=NH;b: X=0;e:X=S

89

Scheme 53

Compound 3h reacts with malononitrile in ethanolic triethylamine to yield the thiazolylpyridazin-6-imine
derivative 194" (cf. Scheme 54).
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Ph

Ph <CN S/_§— '
/_; Y
S N CN
Ph N CN N
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Ph CN

3h NH

194
Scheme 54

Ethyl arylhydrazonocyanoacetate 3b reacted with malononitrile in refluxing ethanolic aqueous
triethylamine to yield the aminopyridazinium carboxylate 195 which could also be obtained by refluxing
aryllhydrazone 24b in acetic acid, hydrochloric acid mixture.™® The arylhydrazonalkane nitrile 3b reacted
also with ethyl cyanoacetate to yield the pyridazin-6-one derivatives 27 which could also obtained by

cyclization of the arylhydrazone 24c™*®**° (cf. Scheme 55).

NC\/CN
H,N CN
EtO,C—\ CO,Et
N~NHAr
NC CO_Et
24c 2
j\ll/
\’TIH AcOH/HCI
Ar
3b
H,N, CN
N Eto,c—\ CN
N~
B CO,Et NHAr
24b
27
Scheme 55

The reaction of 3e with malononitrile affords 1:1 adduct which was assigned as the pyridinethione

structure 196™° (cf. Scheme 56).
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Scheme 56

4.2.11. REACTION WITH NITROGEN NUCLEOPHILES

The arylhydrazonomesoxalonitriles 3a reacted with a variety of amine derivatives such as hydroxylamine

hydrochloride,"  urea  or  thiourea,®  cyanoacetohydrazide,'®'®  carbohydrazide,'"

51 166

benzoylisothiocyanate,” and aminoheterocyclic compounds™" to afford arylazo-3,5-diaminoisoxazole

197, pyrimidines 198, pyrazolo[1,5-a]pyrimidines 200, pyrazoles 202, 1,2,4-triazines 203, and
azolopyrimidines 206 and 207 respectively (cf. Scheme 57).
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HZN)\)\NH2 205 NH 0 Nig N=N-Ar
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N—Ar 207 |

9 X
l RCONCS tNC\)J\NHNHZ lH NJ\ lNHZOH.HCI
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Ar—N=N NH

2 2 NH,.HCI
NC o ArNH—N
N . \N/NH XY Ar—N=N NH,
N /g 2
SN s 199 X /K ||
| l 3a

X N
| HNT N HNT 07
' e 198 a,X=0
203 j\:r AN 2 b,X=S 197
X N~
H,NT N7 N=N-Ar
200 N2

Scheme 57
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A variety of arylhydrazonoalkanenitrile 3 react with hydrazines to afford the corresponding
aminopyrazole derivatives 208%9299.104.105167.172 Ao the arylazoenaminonitrile 209 reacted with
hydrazines to afford the same aminopyrazole.® Moreover, compound 3 reacts with hydroxylamine
hydrochloride and sodium acetate in refluxing ethanol to yield the amidoximes 210. 3-Amino-4-arylazo-
5-substituted-isoxazoles 211 are formed when compound 210 was treated with acids or alkoxides.!”®
Reacting 210 with dimethylformamide dimethylacetal afforded triazine derivative 212.%*'% On the other
hand, treatment of 3 with hydroxylamine hydrochloride in the presence of excess methanolic sodium
methoxide resulted in the formation of 5-amino-4-arylazo-3-substituted-isoxazoles 213 (cf. Scheme 58).

NC. _COR
T
Ar 3
| 1
l NH,OH / RO - lNHZOH'HCI lNHZNHR
N= O NH
Ar—N=N R Ar—N=N NH,
| R™ [ “NHOH —
_N X N 1
213 Ar 208
210
1
DMFDMA NH,NHR
+ -
H or RO
OH _
o) Nl/ AF—N=N NH, Ar—N=N._ _CN
R NH | I
)%\ | _N HN™ "R
N R o
I ©2 211 209 R=Ph
212 Ar
Scheme 58

In contrast to the behavior of 3 the methylarylhydrazones 214 reacted with hydroxylamine hydrochloride
and sodium acetate in refluxing ethanol to yield 5-imino-2-isoxazolines 215 which were converted into 4-
methylarylhydrazino-3-phenyl-2-isoxazolin-5-one 216 by the action of acetic acid / hydrochloric acid

mixture'”® (cf. Scheme 59).
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O l\l/le l\l/le
Ph)HTCN NH,OH.HCI _ Ar—N—N\ NH ACOH / HC Ar—N—N\ o]
N\ITI—Me AcONa o \N,O oh \N/O
Scheme 59

Arylhydrazono nitriles 113 react with hydroxylamine hydrochloride in dimethyl formamide in presence
of sodium acetate to yield amidoximes 217 that cyclized into 1,2,3-triazol-5-amines 218'"* or 1,2,4-
triazol-5-amines 219" depending on the nature of the substituents on hydrazone linkage. The structures
of 1,2,3-triazol-5-amine and 1,2,4-triazol-5-amine were established by X-ray crystal structure (cf. Scheme
60).

R NH,
|
N\lTI,N
B NH N Ar 218
R CN ° R = C.H.CO, benzimidazole
T NH,0OH.HCI | R X OH = L6500, !
N - - 0 . | benzothiazole
~ DMF/ NaOAc N
ITIH \ITIH R
Ar N
Ar L]
113 - - N\NJ\NH
217 | 2
Ar 219
Scheme 60 R = CgHs, 4-NOCoH,

3-0Oxo0-5-phenyl-2-(arylhydrazono)-4-pentenenitrile 220 undergoes intramolecular addition reaction to
produce the corresponding arylazopyridazine derivatives 221'"® (cf. Scheme 61).

Ar CN
! 0
- NH H,SO, XN
| — N
Ph%H\CN SAr
o) Ph
220 221
Scheme 61

Ethyl phenylazocyanoacetate 3 reacts with hydrazine hydrate to afford the hydrazide 222 contaminated
with 3-amino-4-phenylazo-2-pyrazolin-5-one 223.% Also compound 3 reacted with aminopyrazoles 199
to give pyrazolo[2,3-a]pyrimidin-5(4H)-ones 224*° (cf. Scheme 62).
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In a similar manner 2-arylhydrazono-3-ketiminobutyronitriles 225 react with hydrazine hydrate in ethanol

to afford 5-amino-4-arylazo-3-methyl-1H-pyrazoles 199. In the presence of excess 2-arylhydrazono-3-

6170

ketiminobutyronitriles 225, the corresponding pyrazolo[2,3-a]pyrimidine derivatives 226"~ were formed

(cf. Scheme 63).

NH
NG Ar—N=N Ar—N=N
| Me NH,.NH,.H,O j\_( F
X N
N\NH X _NH N=N—Ar
I
Ar
295 199 226
Scheme 63

Reactions of 91 with equimolar proportions of each of urea and thiourea, in ethanolic sodium ethoxide
solution provided the corresponding 4,6-diaminopyrimidine derivatives 227a-b respectively. Also 91
react with hydrazine and hydroxylamine to afford the pyrazole derivatives 228 and the isoxazole

derivatives 229 respectively®® (cf. Scheme 64).

CN
o
S H—N——<
CN
91
| X
NH,OH.HCI NH,NHR, j H NJ\NH
EtOH / AcONa EtOH, heat ’ i
R—N=N NH, Ry xH
SN by

Scheme 64
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The arylhydrazonomalononitrile derivatives 230 reacted with each of piperidine or morphline respectively
to afford the corresponding 1:1 acyclic enaminonitrile adduct 231a-b. The enaminonitrile moiety in 231
appears to be highly reactive towards nitrogen nucleophiles. Thus compounds 231 reacted with
phenylisothiocyanate to afford the corresponding pyrimidinethione derivatives 232. Similarly
condensation of 231 with formamide afforded the aminopyrimidine derivatives 233. In addition 231 were

condensed with urea and thiourea to give 234a-b'® (cf. Scheme 65).

CN
/N:<
RNHSOZ—@H N
230 /\
HN X & X=CH
/" bx=0

HCONH PhNCS
HN" “NH, 2
NH, NH, NH,
) R R Ph
RN | SN Z N7
(\N N K\N (\N NS
232a,X=C
234a,X=0 233a, X = CH, - H,
b X= b,X=0
b,X=S ,X=0
= [ O]
Scheme 65

4.3. REACTION WITH OXYGEN NUCLEOPHILES
The arylhydrazonomesoxalonitrile 3a reacts with S-naphthol 235 to afford the imine 236 which upon

boiling in pyridine affords the pyrimidine derivatives 237*"" (cf. Scheme 66).
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-

Scheme 66

4.4. MISCELLANEOUS REACTIONS
When the hydrazone derivatives 100 was refluxed in DMF / piperidine it was converted into the pyrazole
derivatives 199% (cf. Scheme 67).

N-NHCOCH,CN Ar—N=N NH,

CN DMF / piperidine N —
Me™ - COCH,CN x NH
N Me N
~

NHAr

100 199

Scheme 67

Attempted cyclization of the hydrazone 238 by the action of acetic acid—hydrochloric acid mixture has
resulted in the formation of the amide 239%* (cf. Scheme 68).

’ N)\\:)\N—N—<Coph AcOH / HCI )N\ )N\ COPh
2 N—N= (.

N CONH,

238 239
Scheme 68

The arylhydrazonoalkane nitrile 3 reacts with mercaptoacetic acid 240 to afford the corresponding
substituted hydroxythiazole 241'"® (cf. Scheme 69).

O N| NHAr
CN ’ o .
N
\ITIH
3 Ar 240 241

Scheme 69
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Arylhydrazonoalkane nitrile 3 reacts with formaldehyde and piperidine to give the corresponding
Mannich product 242 (cf. Scheme 70).

0
0
NC H NCWN
P (e —— O
N HN”
HN”

Ar 3 Al og

Scheme 70

The azaenamine 243 condensed with ethyl cyanoacetate to afford the corresponding hydrazone 244

which upon reflux in acetic acid for long time afford the pyridazine derivative 245 (cf. Scheme 71).

0 NC._ _CO,Et Me
CN
Ve )H| < | | o CN
N CO.Et Me | heat / AcOH N
SN — N TNTO
X NH = CN
X
243 244 245
a, X=CN
b, X = CO,Me
Scheme 71

3-(2-Furyl)-3-oxo-propanenitrile 3l reacts with some phosphorus ylides 246 to afford 1,2,4-triazine
derivatives 247 (cf. Scheme 72).

=
Ar
I (O NP~
N/NH
/ \ | B vZ CN
o CN + Ph,P=Y-CO,Et —_— )\ |N
b;Y=CH
247a,b
Scheme 72

Recently it was found that addition of pyruvaldehyde arylhydrazones 243 to a-substituted cinnamonitriles
248, yielding acyclic 249 which then cyclised into 251 or 252 through intermediate of 250 depending on
the substituent'’ (cf. Scheme 73).
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CONCLUSION

We have demonstrated general approach for synthesis of hydrazonoakane nitriles from common building

blocks, such as active methylene compounds having cyano group, enaminonitriles, hydrazonoyl halides

and oxoalkane nitriles. These hydrazononitriles were used as precursors for synthesis of a variety of

azoles, azines and azoloazines compounds.
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