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The Reactions of Hydrazones

Yu.P.Kitaev and B.l.Buzykin

The chemical properties of organic compounds containing an open-chain hydrazono-group are surveyed systematically.

A list of 412 references is included.
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1. INTRODUCTION

In the chemical literature hydrazones are not usually
discussed as a separate class of organic compounds: most
often they are regarded as derivatives of carbonyl com-
pounds or of acids. The present review includes in the
category of hydrazones all compounds whose molecules
contain the triatomic fragment

/
>C=:N—N M,

not forming part of a heterocycle. However, the amino-
nitrogen atom and/ or the carbon atom may be included in
a non-aromatic rlng

The close similarity of chemical and physical proper-
ties and the presence of a common functional group enable
hydrazones (II) and azines (III) to be considered a single
class of compounds:

Ry R R, R’
C=N-N C=N-N=C
X7 Ny X/ Ny

(n (n

where R and R’ = H, Alk, Ar, Az, Htf; Y = H, Alk, Ar,
Ht, Az; X = H, Alk, Ar, Az, Ht, Hal, OR”, SR, CN, SO:R,
NO:, NH.NR”"R"”, NH.NHR”, N:NR”, COOR”, CO.NR"R".
Several types of hydrazones have already been surveyed
and the electrochemical reduction of this class of com-
pounds has been reviewed *

We have classified the numerous reactions undergone
by hydrazones on the formal principle of the type of
reactant.

II. REACTIONS OF HYDRAZONES WITH ELECTROPHILIC
REAGENTS

Protonation

The distinguishing feature of the hydrazono-group is the
presence of two nitrogen atoms—imino and amino-—the
valency electrons of which differ in their hybridisation
(see formula II). The transition of a nitrogen atom from

Az = RCO = acyl; [Ht = heterocyclic group].
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the sp° to the sp” state lowers its basicity. Amines
possess more pronouncedly basic properties than do
imines®. Conversionofan arylhydrazme intoan arylhydra—
zone involves a substantial diminution in basicity % **~%.
Semicarbazones are less basic than semicarbazide by
several orders of magnitude ***. The basic character of
azines (di-imines) is especially weak®*’*®: for example,
acetone azine is 0.1% as basic as hydrazine ®. Since the
lone pair of electrons of the amino-nitrogen is delocalised
in unsubstituted hydrazones as a result of conjugation with
the m-system of the imino-bond’, these compounds are also
less basic than hydrazine: acetophenone hydrazone has
pka = 4.94, whereas the value for hydrazine is 8.07.°

Increase in the electron-accepting character of R in (I)
lowers the basic strength of hydrazones. This rule has
been observed both with unsubstituted hydrazones *® and
with the glhenyl— £ -nitrophenyl-, **** 2 4-dinitro-
phenyl-, **%° and mtroguanyl hydrazones of a large num-
ber of substituted benzaldehydes and aromatic ketones.
A linear relation has been established between the Hammett
constants of the substituents in the benzene ring of the
carbonyl component and the pKy value of the 2,4-dinitro-
phenylhydrazones **. The number of electron-accepting
groups and their posnion in the benzaldehyde molecule
affect the basicity of the phenylhydrazones >

The substituent attached to the amino-nitrogen (R’ or Y
in II) also has an effect. The basic character diminishes,
for example, in the sequence unsubstituted hydrazones >
> phenylhydrazones > p -nitrophenylhydrazones > 2,4-di-
nitrophenylhydrazones 1227107454853 56,59

The introduction of electron-donor substituents'into the
hydrazone group will, of course, enhance the basicity,
especially if the substituent is attached to the amine nitro-
gen. Dimethylhydrazones are stronger bases than unsub-
stituted hydrazones or phenylhydrazones®. Acetone
p -nitrophenylhydrazone is a stronger base than the corre-
sponding acetophenone derivative by a factor of 5. The
basic character of hydrazones is influenced not only by the
nature of the substituents but also by the configuration of
the molecule. Thus Vogel and Matter reported ® that the
anti-isomer of the p -tolylhydrazone of p -n-butylphenyl-~
glyoxylic acid has pK = 6.6, whereas the corresponding
exponent for the syn -isomer is 5.1.

The hybridisation of the electrons of the amino-nitrogen
atom varies with 1ncrease in the bulk of the substituents,
depending on their nature’, and sometimes approaches the
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sp® state. Asa consequence of this and the competitive
influence of the substituents R, X and R’, Y, hydrazones
may undergo protonation either at the amine (a) or at the
imine (3) nitrogen atom:

R + R’ R + R’
NCaN—R¢C Bt B N e NN
x/ Ny T . —x T Ny
H 1" H
@ ®)

R + R

NeN=N

Ny

©

The more complicated case (c) is theoretically also
possible, although it appears less probable.

Semicarbazones are protonated at the carbamoyl
group . Dimethylhydrazones form quaternary salts on
alkylation ®>™®; their protonation also takes place at the
amino-nitrogen atom. The possibility of protonation at
the imino-nitrogen is suggested by the insignificant change
in basicity on passing from monoalkylhydrazones of
aliphatic ketones to their N -acyl derivatives %, It is
assumed that in 1,5-diarylformazans the amino-nitrogen
of the hydrazone group is protonated.

Alkylation

Unsubstituted hydrazones (II: R = Y = H) are converted
by alkyl halides into azines of the same carbonyl com-
pound »1%7%°;

2 PhCH=N—NH, -+ BrCH,CH; - PhCH=N—N=CHPh - CHy=CH; - N,;HHBr

This reaction is accelerated in the presence of alcoholic
alkali ®, If, however, triethylamine in a buffer solution
is used as the base, alkylation takes place at the amino-~
nitrogen atom °:

EtDN
(CH;);C=N—NH, - CiCH,CH (NEt,) CH,CH (CH,); l;}?;.‘,r'
NEt,

> (CH,),C:NNHCH,—(EH
CH,
(L-H (CH,),

If an unsubstituted hydrazone is converted into a dianion
by the action of potassamide in liquid ammonia, mono- or
di-alkylhydrazones can be obtained depending on the quant-
ity of alkyl halide taken *":
R

N KNH,/NH, .
o DC=N—NH, =—+—

—AlkHal__, pLCR—NNHAIk

Ry
- JC=N—NK,—
Ph AT PhCR=N—NAlk,
The less basic aryl- and acyl-hydrazones are usuall
alkylated after preliminary conversion into anions 27510,45
496~ Conducting the reaction in liquid ammonia *
generally gives high yields of alkylhydrazones:

N 'l f
PhCR=NNHAr M PhCR=N—N—Ar —-—l PhCM'-h(:'

" "
=& R R OR
g

- RyC=N—N
The alkylation of formazans, like that of #rylhydra-
zones, involves the intermediate formation of anions*”™,
although in some cases the reaction is complicated by the
formation of 1,2,5,6-tetrahydro-1,2,4,5-tetrazine deriva-
tives and then of verdazyl(IV). ™ The formation of (IV)

h HO™

R,C=N—NH§R ——->R,C=N/N =
6
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may become the main reaction, because of the great
tendency of N,)-methylformazans to undergo autoxidation:

/Ar /Ar NN /Ar
—NHAr N—N VAN 7N
R— R,
RC/N S, R—é/ ey, 9 \N—N< + \N-N<
\N=NAr \N=N—Ar | Ar
(V)

Arylhydrazones of carbonyl compounds having an
a~-methine group, on treatment with excess of potassamide,
form the dianion (V), which is more liable to C- than to
N -alkylation ™:

Ph
- PhCH,CH:N-—N/

\
CHgPh

KNH,y/NH, PhCH,CI

Ph—CHy;—CH=N--NHPh
2KNH,/NH,

i

— PhCHyCH=N— N—Ph

2PhCH,CI

Ph—CH—CH=N—N—Ps ~ P, phey CHoN-N—NHPh  Ph—CH—CH =
PhCH,

!
V) CH,Ph éH,Ph

According to Grandberg et al. ® arylhydrazones of
aliphatic and alicyclic carbonyl compounds are alkylated
by benzyl chloride and by dimethyl sulphate in boiling
alcohol, after which they are converted into N-alkylindoles.

Dimethylhydrazones are easily converted into quater-
nary salts (VI) by the action of alkylhalides ®~* and alkyl
[arene]sulphonates ™:

R R
NN (CHy)e + CHA — Ne-N—Fi (CH)sA~ (A=1, Tos, Cl, Br)
x/ b
v

When a -bromoacetophenone is used, quaternary salts
cannot be isolated from the dialkylhydrazones of aldehydes,
evidently owing to their instability. In this case the prod-
ucts are a nitrile and an amino-ketone, resulting from
rearrangement of an intermediate salt ">;

PhCH=N—NAlk; + PhCOCH;Br - | Ph—CH=N—NAlkBr-

lcn,o—ph -
N
-» PhCN -4 PhCOCH,NAHGHBr
Dialkylhydrazones of ;S-chlorovinyl-aldehydes are able to
form polymeric quaternary salts ‘®, Self -quaternisation
with conversion into a 1,1-dialkylpyrazolium salt is also
possible:

Alk
R—CH,; N+
[ ﬂ - ClCH=?—CH=NNAIk, — H=c—cH=N7N
* -
. PL CH.R - éH,R Ak _l,

Alk  Alk
a-CI~
Benzaldehyde azine on treatment with dimethyl sulphate
or ethyl iodide is converted intoa saltlike product, whose
structure is assumed *'%*° to correspond to a quaternary
salt:

PhCH==N—-N==CH—Ph - (CH;),0S0, — PhCH:N—iLCHPh - §0O,0CH,

3

Ethyl iodide reacts similarly®. Diethyl sulphate and
higher dialkyl sulphates do not form such salts. Aliphatic
and alicyclic azines containing an o -methine group are
converted by alkylating agents into a mixture of unsub-
stituted pyrazoline and an N-alkylpyrazoline 21244977,
Reactions involving the intramolecular alkylation of
hydrazones with the formation of simple and fused hetero-
cyclic systems are well known and have been widely
studied 410211»13,14,21,23,4545,78,79  he reaction mech-

anisms are largely obscure *’*: in parallel with an SN
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mechanism 2%’™ the possibility is discussed of initial
elimination of HZ from (VII) with formation of a hydrazone
of an unsaturated oxo-compound followed by intramolecular
addition of the HN fragment of the hydrazono-group at the
resulting C=C bond*"** ", The reactions involved in
intramolecular alkylation can be represented by the
schemes
Ne————
T
N

v R/ \rlsl/
b

R ? R
R’”——CH—&H——C:N—NHR' d
|

(Z=C110.2l-”.‘5' OH 10,21.45 ) OAIk ’l’ SH 23’
SeAr B, +NAIk2")

R*

SAr, NAlk ’l.w.n,ta.u.n,n'

—R
(AlkO),—~CHCH,——(|:=NNHR' - “ lJ
RN/
7 &
R' R //
R —c=d N
k
(Y=0 21,23,48,80 NH n.n.u) (x=o}¢l.loyll.2348.lb‘ Cl l!.”.ll’ OAlk 23,45, OAr l&y SH ll,
SAlk 82, SCN %, Tos %, NH2"4, NHR ¢, NAlk>**, NHNHR ¢,
—NHNH—ﬁ—NHz‘s)
NH
Here R” and R” '”®*¥%% and/or R and R’ ®® represent Alk,
Ar, Ht, Az, a heterocychc or a carbocylic fragment ,
steroid residue ®, and possibly also nitroso®® or aryl-
azo®»®
Not only hydrazones of oxo-compounds having a reactive
substituent in the g-position but also those in which the
substituent is attached to a more remote carbon atom are
capable of intramolecular alkylation. In particular,
hydrazones of 6-halogeno-ketones are cyclised to diaze-
pine derivatives by self -alkylation at the amino-nitrogen
atom

R R
o Rr—cH— &N R

Ar

l
=N

N\
| J \N———NHR’ R N,
"\ CH,CH,Br

With increase in the electron-accepting properties of the
substituent R’ attached to the amino-nitrogen atom the
reaction centre may migrate, and self -alkylation involve
the imino-nitrogen”%*> %,

7\ /CHzCHzHEI r AVAN

’ ’ - . IL—NHR',
. N
CH=N-—-NHR’

e
(R. =CONH,, —{__—NOy; Hal=Cl, Br)

The basic character of the imino-nitrogen diminishes
more slowly than that of the amino-nitrogen under the
influence of the acceptor substituent.

N—R’ (R’=Ph, CH,CH,0H)

Arylation

2,4 -Dinitrophenylhydrazones of sterically hindered
ketones are obtained by condensing unsubstituted hydra-
zones with 2,4-dinitrophenyl chloride **

R’ R’ rl‘lol
C=NNH, -+ ClAr >  C=N—NH—Ar ( —\ )
R’ R Ar = _/ >—No,

$The monoenolic form of 1,3-dioxo-compounds.
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This reaction was even recommended for the quantitative
determination of unsaturated hydrazones Similar reac-
tions can be used for the preparation of 2,4- and 2,6-di-
nitro- and the 3-R-2,4 6-tr1mtr0-pheny1hydrazones of
benzophenone and fluorenone (R =H, Cl, CHs).* Acetone
azine reacts with picryl chloride in ethanol to form
acetone 2,4 6-trmitropheny1hydrazone

Monosubstltuted and unsubstituted hydrazones of ortho-
substituted benzaldehydes, acetophenones, and related
compounds are converted by alkaline reagents into indazole
derivatives (intramolecular arylation);!0?<% 45,8, 96-98

R
R
<N—-NH‘R' B
Y — ¥ {\'
Z N

R

(Z Cl 10,45 Br 24,45 NO‘24,45,97 OH 98 OAlk 45,96 R = H
Alk, coon CH,CeHs, 2% cooczﬂ%‘15 cocng, R' =H,
Ak, Ph, p-CHsCeHa, ClxCeHs_x, 2% 2,4-CeHs (NO5)2 ).

Not only do hydrazones of 2 6-d1n1trobenza1dehyde
undergo this reaction, as assumed earlier *, but also those
of 2,4-di- and 2,4 6-tr1—mtrobenza1dehydes and pyridine-
aldehydes When Z = Hal, increasing the number of
nitro- groups in the same ring increases the yield of
indazole?:. If the aryl ring contains a 2-chloro-substitu-
ent and a 6-n1tro -group, the latter is the more readily
replaced*®

An example of intramolecular arylation with formation
of a substituted cinnoline

F 0

\/ \/ \—COOEt

LA

F \/\N/
r b

COOEt
KOH.g0* |

C.F,,OO—L(
N\N—NHPh

has been reported *.

Acylation

If Y = H in the hydrazone (II), acylation occurs in the

usual way, and N-acylhydrazones (Y = Az) are formed » "'
38,45,47,48, 65,100 -113

R R’ R R’
AN /
NN +AZ— CoN-N
x/ \H X/ NAz
(R" =H, Alk, Ar, Ht; Z—Cl,0Et, OAz).

Unsaturated hydrazones are converted smoothly into
acylhydrazones !, Under the conditions of the Schotten—
Baumann reaction many alkylhydrazones yield acetyl-,
benzoyl-, and arenesulphonyl-alkylhydrazones %, Aryl-
hydrazones are fairly easily acylated****'*!) put the
resulting arylacylhydrazones tend to hydrolyse, and there-
fore the arylacylhydrazines and the oxo- com ounds often
separate instead of the acylated hydrazones* A success-
ful preparation requires an anhydrous solvent ** 192 and
excess of the acylating agent or a catalyst (pyridine oz

zine chloride **'), 1,5-Diarylformazans are acylated
with difficulty, and the y1elds of 1-acyl-1,5-diarylforma-
zans are often low*”!®. The acylation of phenylosazones
is more successful®®. Reaction between acylhydrazones
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and acetic anhydride results most frequently in the forma-~

tion of 1,3,4-oxadiazolines ®™'°7 although anomalies are
observed

108,

A
™~ N 3 R
C=N— or AcCl R\ y N\
x/ Nc—R X Sw
§
o} \o/

When arylhydrazones of quinones are acylated, the
hydrazone form is fixed'®>.  Amidrazones are acylated at
the hydrazono-group '°”**°, but reaction generally proceeds
{},lf_tll}ler with the formation of 1,2,4-triazole derivatives*>

H
N—NH, N—-NH—C—R’ /
NN —N
R—C +R'—C—Cl — R_K ‘“J - R_<N SR
“NH, 3 NH, w

Azines, on treatment with acylating agents, are converted
into acylhydrazones % or into mono- and di-acylhydraz-
ines*”**? " and the methylene groups present undergo
cyclisation into pyrazolines *¥'%:

RCHLC--NNFHAZ + AsNHNHAZ + RCH,C[‘R’ X
|

&
R R’
PhcoCl N—
— (—N=C—CH,R\ ——— ” + (PhCONH),
( I Ry &
: RCHy /Ny

|
H

When the basicity of the éfmi-np-nitrogen atomis weakened
considerably, the hydrazone may be acylated at the imino-
nitrogen with the formation of a quaternary salt'*:

— cocl
™ =N—NPh; -- PhCH,CH (COCl), — /\=§Y_cocri/ a-

— \CH,Ph

NPh,

A product in which both nitrogen atoms of the hydrazone
had been acylated was isolated when phenylhydrazones of
aliphatic ketones, capable of conversion into alkenylhydra-
zines, were treated with acetic anhydride ™*:
Ph
NN
R'—CH,—C=NNHPh 222 RcH=C Ny N,
SR

Even disubstituted hydrazones of aldehydes do not form
C-acyl derivatives under the usual conditions of acylation,
and only in the Vilsmeier reaction are dialkylhydrazones of
aromatic aldehydes converted into those of anarylglyoxal*%

ArCH=N—N\‘ ' 4 POCI, + HCON (CHy); —

—
- [(CH,),§=CH—C=N_N ” - POCL; 12 0=CH—C=N-N l
N

he —

As in the case of alkylation, detailed studies have been
made of intramolecular acylation with the formation of
heterocyclic systems 2 %19725,458,99% 114 Hydrazones 23548
alkylhydrazones ®*%*% arylhydrazones®'**%, acyl-
hydrazones **°, semicarbazones®’*?, thiosemicarbaz-

ones™*® selenocarbazones'!’, and guanylhydrazones ®
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of derivatives of g-keto-acids are cyclised to substituted
pyrazolones:

R R R
” / ’
R e C=N—NHR'  pu /I uJ
/

(R'=H, Alk, Ar, Ht, — C—-NH,; Z=OH, OAIK, OAr, NH,, NHR, NRR’, NHNHR, NHNH,)
0O(S.Se¢)

R \f— z
|

Here R, R”, and R” may vary widely. Hydrazones of
v-keto-acids and their derivatives are cyclised to tetra-
hydro-3-oxopyridazines %'%2%2&4%468 "an4 hydrazones of
ap-unsaturated y-keto-acids to dihydro-3-oxopyridazines
and tetrahydro-oxocinnolines %1025 2645 110-121."} sy ever
hydrazones of o-formyl(or keto)benzoic acids are con-
verted into dihydro-1-oxophthalazine derivatives 2™4%122;

R )l

R
ér-N—NHR' R" R ¥
R _(l:( " . ) . R\
R“'—-CH—C/ N E
\0 é R"V \C<;(

] R

] R
=N—NHR' A
iOR" Rl SN
* X —R |
S N\RI
[ \0

¢}
(X=0H, OAlK)

R
é:NNHR'
/s
—_—

—

Q
m—t  \

The hydrazone and carboxyl groups may be separated not
only by a hydrocarbon chain but also by a fragment of a
heterocycle '* or by a carbamoyl group ***, when deriva-
tives of tetrahydro-3,5-dioxo-1,2,4-triazine or its fused-
ring analogues are formed:

O enen 2 O |~ QI
N)—CHzCN N NNHAr ’;j\g
| | CN o rll’

Ar

Et00C
N
HN)KI(C
O)\N/N

|
Ar

COOEt

E(OO,C-*NHﬁ—I:N—NHAr —
O CN

Hydrazones of §-keto-acids yield® substituted dihydro-3-
oxoazepines:

R

R
=N—NH—Ph =N
t \
— N—Ph:
H,COOH R o

R

& R
H,C=NNHPh
t \/N
N
COOH e

The acylation of phenylhydrazones with oxalyl chloride
gives initially phenylacylhydrazones, and then N-amino-
isation derivatives *®2%;

/Ph AN /O
PhCH=N—NHPh €&, pp_cH-N_N — |
oot NN\ N
|
N=CHPh
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Halogenation

251044549

Halogens oxidise unsaturated hydrazonesto azines " G,
d

although substitutive halogenation is sometimes observe
The action of halog:ans on arylhydrazones has been studied
in greatest detail *®*®'*"~37" The hydrogen atom attached
to the carbon of the hydrazone group (the methine hydrogen)
in arylhydrazones of aldehydes can be replaced by a
halogen atom 24%%8127-137,
/A'H- Ar
R—C=N—K g c NN
]I'l \Y Hal \Y

(R=Alk‘5'l“, Ar“.u.ua—lsa,uvl NO;", CN“‘;

Y=H, CH,; AI'=P]"I, (Hal)nc.].l‘—.", (NOQ)MC.H‘_mu.u.xn.uo.us.135.131' Htm,l.sl.ua)_

In phenylhydrazones substitution of the methine proton is
accompanied by halogenation of the benzene ring attached
to the amino-nitrogen atom *»*#!?°  and halogens react
similarly with 3H-formazans ****%8:

Cl

!
Clg S N
PhCH=NNHPh = PhC‘Z =N—NH—? ) Cl

a
—NHPh N—NH—{ “\—Br
HC/N Bra/AOH o (
\N==N— AN 77N\
N=N—Ph N=N—__>—Br

In arylhydrazones of ketones the ring is halogenated initial-
ly, after which the methyl or acetyl group may be replaced
by halogen *®%'28;

Bra/AcOH

B N_CoN-NH— D—Br—
Br. __/|CNNH =/Br

Ph—C=N—NHPh &
by, CH, b

BuAOH o SN ey NN s
B/ N ™
B H j

NNHPh -
tooc—€& S E0C C=NNH—{ >——CI -
‘ —

COCH, COCH,

Cly ) ‘__/_\_
=3 EtOOC (‘Z_NNH \r__/ Cl
Cl al

In the bromination of tetrazolylhydrazones replacement
of the methine groton is accompanied by breakdown of the
tetrazole ring

NBr

Al—CH:N—NH——/ ! g A|C N—N—c/

] Br
H
A kinetic study of the bromination of 2,4-dinitrophenyl-

hydrazones of aliphatic aldehydes has shown that steric
factors are more important than electronic factors in this
series. The reason is that the syn-form, which does not
react, must be converted into the reactive anti-form
Arylhydrazones can undergo not only C- but also N-halo-
genation. The resulting derivatives are unstable, like all
N-halogeno-compounds, and rearrange into more stable
products (the Chattaway— Adamson rearrangement): 4127120

\Br

cl |cx
|
N-N—7 NocH, U Ar—C=N-N—  S—CH,—
Ar—(’J—NI\’l \| /CH3—>Ar(I)NII:\| >—CH,
a  H 4 o] 14

a
o Ar—C-—N_\IA/ N—cH,Cl

j\—d
§ W &
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Azines of aldehydes undergo substitution halogenation on
treatment with halogens, with the stepwise replacement
first of one and then the second hydrogen atom of the

azine group 2,10,44,45,49,139
R R R R R R
Yeovnel # tann=€ B coN-N=
x/ NH a’ N oaf e
Under severe conditions of halogenation azines of the
anthraquinone series undergo nitrile cleavage ®°, Azines
of ketones do not undergo subst1tut10ng’ but add the halogen
molecule at the 1,4 -positiong 210114446 140,14
R R’
m B X—\C—-N=N—-C£X'
Hal”’ \Hal

Reactions with Arenediazonium Salts

Phenylhydrazones of aldehydes react with arenediazon-

ium salts to }ueld various products depending on the condi-
tiong %47 103,14

( PHm=4—-8 PhCH=NNPh pH=3

PhCH:N—II‘J—Ph oo PhCH=NNCHN=NAr
P
N=N—Ar Y
N—NHPh
(Vi) phd
\N=N—Ar (1X)

Production of the brightly coloured formazans (IX) has
been the most thoroughly Studiedz,llﬁl,(m— 40,47,48,71,103,137,1%,144.

Arylhydrazoneg "10%11%143-146 514 heterocz’chc hydra-
zones 47y1034147-150 Of aromatlc 47,1038,142,143,14 hetero-
cyclic *"'% . and aliphatic 1% 14"4° aldehydes can be
coupleds, as well as arylhydrazones and arylosazones of
sugars 8404 In general the isomeric forms of unsym-
metrical formazans cannot be isolated, since they exist in
equilibrium 771932149145 514 the two gossﬂale routes for the
preparation yield the same product

/Ph /Ph

N
Ar,

RCH=N—NH—Ph 225 R—-< \,H ::R—-cg /H Bl RCH==N—NH—Ar

N—N N—N

\Ar \Ar

Among arylhydrazones of ketones only those in which the
hydrazone carbon atom is combined with an easily
eliminated group are able to undergo this reaction

—NHAr
’ 7
R_IC=N_NH Ar ArNCl | R‘C/N

L \N=N—Ar'
(X=COOH>> H> COCOOH> CONH,>> CHO> CCCHy> COPH>> COOR> SO,R> CN).

Formazans are often produced by the action of diazonium
salts on compounds containing an active methylene group
(in the presence of a labile activating group) or a methyl
group, since the rate of the second coupling (with the
hydrazone formed as intermediate) far exceeds that of the
first coupling*”**, In compounds containing an active
methylene group one of the activating groups (listed above)
is split off 7y144,151-155,

47,103,144,

X X NNHAr
N\ AN Vi
o, 22t [ C=NNHAr] 5 Y-C

v/ v/ \N=NAr

Formazans in which hydrogen or a detachable group is
combined with the carbon atom react with diazonium salts
analogously to arylhydrazones of aldehydes *"%:

N—NHAr N-—-NHAr
Ve Vi
7 PNGL L, by NNl
\N=NAr \N=N—Ar

(Z=H, COOH, COO, COR).
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Arylhydrazones of general formula (X) also yield
formazans by eliminating a molecule of a carbonyl com-
pound '*

R’ /N——NHAr R’

N N
C—C—N—NHAr 222, oN_¢f ¢=0
Ry rlqo, \N=N—Ph R/

X)

It has been reported *'* that analogues of formazans,
the so called guanazyls, have been prepared from guanyl-
hydrazones; among semicarbazones only N)N4 -disub-
stituted derivatives yield such products, whereas acyl-
and thmacyl hydrazones do not react with arenediazonium
salts **

N—N-—C—NR
R—CH=N—NH—C—NHz ANCL _, g_¢ 3
! NN
NH N N\Ar

=H, (b) Z=0, R’=Ar.

~AMC R CH=NNHC—NR;
i

(a) Z=NH,R’

Since disubstituted hydrazones of aldehydes and
Nsy-alkylated formazans do not undergo the reaction, it
was supposed that the formation of formazans involved
tetrazens (VIII) as intermediates *™!9311420145)157 14 pag
been shown recently, however, that the intermediate com-
pounds are bisarylazo-derivatives (XI)

R\ / N=N—Ar

x/ \N._N-—Ar
(X=H, COOH, COOR, etc.)

(X1

In alkaline medium they isomerise rapidly into formazans
(IX), 482 ™ 15815 mhe possibility of direct substitution of the
hydrogen atom in arylhydrazones of aldehydes by an aryl-
azo-group has also been discussed "'#'*,  The probability
of this mechanism is supported, in our opmion by the
coupling '® of arenediazonium salts with 1-aryl-2-pyrazol-
ines, which are cyclic analogues of hydrazones. Diazo-
quinone derivatives react sixmlarly to arenediazonium
salts with arylhydrazones

R
|
MVAVA 4‘/ —Ng OH R”
PhCH=-N—NHPh -+ [ - Ph Lg
R/ Y Vo “N=N—{ 3R
R { (Y

However, not all hydrazones can be converted into
formazans. Thus compound (XII) is obtained from 5-benz-
yhdenehydrazino-4-phenylselenazole and diazotised

o-phenetidine '*

Ph N

PhCH:N—NH——“\SeJ PHCH = N—NH/" “\s l‘"N‘N"\D «i

Although arylhydrazones of bisalkylsulphonyl.formaldehydes
split off the sulphonyl group, 1,3-diaryltetrazol-5-ones,
which exist in the betaine form, are produced instead of
the expected formazans 317183184,

HO / =
(RSO-)z'—C—N—B:—Ar _ k A

N=NAT AN
Ar

(RSO;),C=N—NHAr AL,
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Phenylosazones of monosubstituted ,ﬁ, oxals are converted
into phenylosazones of a-diketones “>*"**»1% C_arylation
occurring instead of azo-coupling:
Ar
ArNGCL |
R—?—CH—NNHPh THN " R—C~C=N—~NHPh
N—NHPh REiph

(R=Ph, CH,)

Nevertheless, formazans (aza.formazans) are formed
smoothly from arylosazones of sugars**»°%*’,

Acylhydrazones yield aryl azides, amides of the corre-
sponding acids, and carbonyl compounds Ler,

ArNGL

HOOC—C=NNHCOPh ~——— HOOC—COCH, -+ ArN, 4 PhCONH,

'3
This reaction is assumed ' to involve the intermediate
formation of tetrazens, and support for this view will be
found in Refs. 45 and 168,

The ability of o-aminophenylhydrazones to undergo
intramolecular azo-coupling at the amino-nitro egen atom
has been used recently by Campbell and Rees'® to prepare
derivatives of benzo-1,2,3-triazol-1-amine (XIII):

NH, N\

“——-»LN:C (COOEY),
(xm)

Azines and unsubstituted hydrazones (into which the
former are initially hydrolysed under the reaction condi-
tions) of aromatic aldehydes react with arenediazonium
salts in acetic-acid solution to give arylhydrazones of the
aldehydes'™:

ArCH=N—N=CHAr

] I\
(Etooq,C=NNH—<_/\. HNO, l

i H,0m+ } ArNX 1 ArCH=NNH~N=NAr'] -
ArCH=N—NH,
_N=NH
— | ArC i ArCH=NNHAr'
[ \N—NHAr']
Nitrosation

In acetic-acid solution the nitrite ion decomposes
hydrazones and semicarbazones with formation of an oxo-
compound and an azide ion**™, but in concentrated sul-
phuric acid the Schmidt rearrar_lrgement occurs to the
corresponding acid amide **™*
wouseon =Ny
R’

KNO,/H,SO0,

RCOR’ + HNy < — RCONHR'-++R'CONHR-N;+ CO,

(Y=H, — CONH,)

Monoalkylhydrazones of aldehydes are nitrosated by
nitrous acid and its esters to relatively stable N-nitroso-
derivatives®, whereas the monoarylhydrazones are
rapidly converted by nitrosating agents into arylazo-
aldoximes gnitrosazones), which are oxime analogues of

formazans #4587

CyH,ONO Alk

RCH=NNHAlk =12———RCH==N—N
\NO

Ar
/
R——-(I2=N-—NHAr Nor_, R--(|:=N—N — R—C—N=N—Ar

I
H i Wo NOH
(X1V) (XV)

The formation of arylazo-aldoximes (XV) involves inter-
mediate formation of the compound (XIV), 24548 174-176,
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Bulky ortho-substituents in aromatic arylhydrazones
prevent both nitrosation and the formation of arylazo-
aldoximes '™,

Amidrazones, hydrazidines, and a-hydroxyamino~
hydrazones, on treatment with nitrosating agents, are
cyclised into tetrazoles via a stage of azido-deriva-

tives 1073151105277-179,
—C—N;] R——=N
R—C=N—NHy o [R5~M] R
lix NX N N
x/\N/

(X=H, NHR’, OR’, R'=H, Ph, 2,4-CH, (NOp)z, R"=H, Alk, Ar).

When the hydrazone molecule contains an amine or a
hydrazide group (not attached to the hydrazone group),
attack by the nitrite ion takes place firstlty at the former
groups, not at the hydrazone fragment *»1"180181;

N—NHR

N-—NHR'
7 .
HgNNHCO*(./ HNO; _, NyCO—C
R R’
(Xvn
(R=H, Alk, Ar; R’=H, ar).

Nitration

On treatment with nitric acid in sulphuric acid, benz-
aldehyde azine undergoes oxidative cleavage and is partly
nitrated, with formation of the azines of p - and o-nitro-
benzaldehydes; when the reaction is conducted in acetic
anhydride, only benzaldehyde and 4-benzylideneamino-
3,5-diphenyl-1,2,4-triazole (XVII) are formed '**:

HNO. HNOj3/Ac,0
@—cﬂ:ﬂa + PhCHO + N,<N—‘——/ﬂ?& (PhCH=N--), 1NOy/Acg
0, ?

N

N—]
—»- PhCHO + | T
Ph—L J—*Ph
|

N=CHPbB
xvir)

Aldehyde arylhydrazones are evidently more liable to
be oxidised than to be nitrated by nitric acid. Thus aryl-
hydrazones of 1-substituted 2-formylquinolinium per-
chlorates are easily oxidised to dimeric products

183
(XVII):
bmg3 /Ar
H==N—NHAr H=N-rlq fj@
~ Cloy — H
c1o; ‘l( " N—N=C \+'f

Ar

:c—j-r /i

(xviin) co; ¥
Under mild conditions phenylhydrazones of ketones are
nitrated in the aniline ring by nitric acid *** or by oxides
of nitrogen "
RI‘
RiC=N—NHPh =g R0, RC=N—NH—{ __3-No,

(R=CH,, R'=NO}*; R=Ph, R’=Hm)

Reactions with Carbonyl Compounds

Carbonyl compounds react at the amino-nitrogen in
unsubstituted hydrazones, and convert them into azines, a
reaction very freguentl used for the preparation of unsym-
metrical azines %% 1014438 109,185186,

R’

D=0 R R
m X \C—N—NH, _HGOR";_  >C=N—N=CHOR’
x x7
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Dihydrazones of cyclohexane-1,3-dione **” and the
1-hydrazone 2-methylphenylhydrazones of a-dicarbonyl
compounds '*® react similarly. Unsubstituted amidrazones
are converted into amino-azines'*®., The carbonyl com-
pounds can be replaced by their acetals ****°, Ortho-
esters give a-alkoxy-azines with hydrazones *®*°,
Monohydrazones of «-diketones when heated form an
eight-membered heterocycle '™, which can be obtained

also from the a-diketone together with its dihydrazone **:

Ph, N—Ng Ph Ph, Ph
Ph—(é::N—NH, AT . \i=° L BN-N=C
e - T =0 _
Ph—t=0 Ph) NN—NZNpn e/ H'N_N—l:\
Ph
However, this reaction is not general'*. Monohydrazones

of p-dicarbonyl compounds are converted into pyrazoles
(see subsection on alkylation). Monohydrazones of y -w-
dicarbonyl compounds are able to yield either ?ol azines
or heterocyclic compounds of the type (XIX), >*1072%4%1%

as well as compounds of type (XX) (derivatives of N-amino-
pyrrole and N -aminodihydropyridine respectively) *°:

/Gl
ACHI HC CH
R—C— (CH,),—C=NNH,; — R—C ¢R+ | L
d 3 SN—N7 R-C_ CR
(XIX) Ny
N,
(XX)
(n=12-20; m=0,1)

The higher electron density on the amino-nitrogen atom
in monoalkylhydrazones facilitates electrophilic attack by
oxo-compounds at this atom, and the reaction products are
geminal dihydrazones (XXI); »®!91%19 5 the aromatic
series a similar reaction has been reported for a vicinal
naphthylenedihydrazone of benzaldehyde ***°¢:

R'GHO_, RCHz(‘,H:N——I]‘JAlk
CHR’

R—CH,CH=NNHAIk

RCH,CHO I
1 RCH,CH=N—NAlk
R———“ - (XXh
N
NN
RCH, )
Alk
N=CHPh
_ /
AN, NHN=CHPh /\/\/N\\

¥

_PhcHO_, L I J
N/ \7 \NHN=CHPh ./\/\N<N_CHPh

/—Ph

Compounds of type (XXI) are highly reactive: anlggdrides
of carboxylic acids acylate them to acylhydrazones'® ,
alkylh}rdrazines convert them into the corresponding hydra-
zones ®, and in the presence of excess of the aldehyde they
are transformed into pyrazolines 1% (when Alk = H in (XXI),
aldehydes yield azines'®). It is supposed'® that com-
pounds (XXI) are formed as intermediates in the conver-
sion of aﬂk;'ll;gdra.zines“’"’197 or alkylhydrazones and alde-
hydes '*#'9"% into pyrazolines. Ioffe et al. have shown '®
that a pyrazoline is formed very easily from an aldehyde
and its alkylhydrazone, but in the cross condensation of
aldehydes with monoalkylhydrazones of other aldehydes and
ketones the process is complicated by transhydrazonation,
which occurs widely among hydrazones '*2',

Arylhydrazones are more liable to transhydrazonation
on reaction with carbonyl compounds, although phenyl-
hydrazones form products of the triphenylmethane type,
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involving condensation at the para-positiong the reaction
is catalysed by zinc chloride and by acids**:

ArCH=N—NHpp —2hF0ZC, (

ArCH:N-—NH—< N

/)achh

The phenyl ring is involved also in the intramolecular
cyclocondensation of monophenylhydrazones of a-dicarbon-
yl compounds, which leads to the formation of cinnoline
derivatives®®:

r—c—c{ R
1 N\N—NHPh

L

N\N
The amino-group of arylhydrazones is also capable of
condensation with carbonyl compounds. Phthaldehyde
monophenylhydrazone exists in equilibrium with 1,2-dihy-
dro-1-hydroxy-2-phenylphthalazine 7. and 1,3,5-triphenyl-
formazan reacts with formaldehyde and piperidine to give
1,3,5-triphenyl-5-piperidinomethylformazan, which under
the reaction conditions cyclises into a 1,2,3,4-tetrahydro-
tetrazine derivative, and this oxidises spontaneously to
verdazyl*:

/\| /CH=NNHPh r \
= |
NN\ /“ N—Ph
CHO AN
du
NHPh N N SN
Phc<’N +CH0 +f = Ph—C<N CHN S -
N=N—Ph \ N=N\ N/
N Ph
Ph Ph
N — NS —
AN NS Lol AT TN
/ /s \N—N-" 4
SN-NTON N-N" N__/
g Oph \pn

Oxo-compound arylhydrazones of type (XXII) (X = Az,
NOz, N:NAr, Ht, sometimes Ar) behave as if they contain
a mobile hydrogen atom, and form arylhydrazones of

a-hydroxy-ketones or bisarylhydrazones of 1,3-diketones b
10426y 455 15752145215,

X—C=N—NHAr <24 X_Cc_N_NHAr — 22— X—C=N—NHAr
| | uf  w
CH,OH H N—/ CH,

(XXI1) |
X—C=N—NHAr

If the phenyl group in (XXII) contains an ortho-carbonyl
group, intramolecular cyclocondensation may occur,
leading ultimately to cinnoline derivatives®®,

As compounds (XXTI) (including 3H-formazans'®") con-
tain a mobile hydrogen atom, they undergo the Mannich
reaction®®#572!° heing converted into (XXII), and with
formaldehyde in the presence of thiols they yield (XXIV):*'°

X
with . R=H,CH,0 |
2\
X [ y CH,O+HNRR" \\ \1
OH CH4O,RNHy
C=N—NHAr | ol NRR” v XX —== SN
(XXII) RR'NCHy” — R Ar
IRSH CH,0+RSH (XXV)
X—C=N—NHAr
lCH,SR
(XXIV)
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A case of detachment of an acetyl group has been reported
in the preparation of Mannich bases of the type (XXIII)
from 2,3,4-trioxopentane 3-phenylhydrazone, formaldehyde,
and piperidine®*°, The dialkylamino-group in (XXMI) is
quite mobile, and can be substituted by the action of
secondary amines, compounds containing a reactive hydro-
gen atom “*®, and thiols**® (including benzenethiols **°),
which helps to explain certain anomalies observed when
these reactions are carried out®®  The activity of (XXII)
in the Mannich reaction is extremely high: they displace
the dialkylaminomethyl group from Mannich acyloin

bases ®'". :

When R’ = H in (XXIII), the syn-forms are able to
condense with a further aldehyde molecule to 2,4,6-tri-
substituted 2,34, 5-tetrahydro-1,2,4-triazines (XXV). =
Hahn showed ***~*®® that the same products are formed by
the reaction of hydrazones of type (XXII) with formaldehyde
and primary amines. The formation of 1,2,4-triazine
derivatives (XXV) from hydrazones of type (XXII) is a
varietéy of the Mannich reaction, is quite general in char-
acter *2-?%% and can be termed the Mannich-Hahn reac-
tion.

Amidrazones and hydrazidines are also cyclised to
1,2,4-triazine derivatives on reaction with o -dioxo-com-
pounds "'**?27723% " and into 1,2,4-triazole derivatives on
treatment with aldehydes, acetals, or orthoesters 289451105

i
AN
N "[‘ _R7OOCOR’ R_C/N_NH’ R°CHO or HCOR":_ R_/N_N\_y
“ I N <)
RN W
| |
R’ X

(X=H, Alk, Ar, NHR; Y=R’ or OR").

IOI. REACTIONS OF HYDRAZONES WITH NUCLEOPHILIC
REAGENTS

1. Substitutions at the Carbon Atom of the Hydrazone Group

Substitution occurs readily at the carbon atom attached
to the hydrazono-group if the substituent X in the general
formula (1) for a hydrazone is chlorine, hydroxyl, nitrile,

an NN -diallylaminoarylazo-group, etc. 2)31352,45747 123, 130,
184, 138,143, 179, 187, 188, 234 — (see Table):

R R’
= NC=N—N{¢ -
n+4z- z/c N-NC +X

A chlorine atom attached to the hydrazone carbon atom is
less reactive than one attached to a carbonyl carbon but
more reactive than an ethoxy-group; and the circled
chlorine atoms in (XXVI) and (XXVII)

O\C-‘-C=N—-NHPh O\C—-Q=N—NHPh
@/ & eto” @
(xxv1) (XxvIn

are replaced by the action of the azide ion ®"#%%%,

There are also cases in which the products of nucleo-
philic substitution of hydrazones then undergo cyclisa-
tion 23145 131,243°248 A yines also undergo SN reactions
readily if X = Hal, CN, NO, etc. in (III), ##31s 128,138,167
18%249=251 hut cyclisation is then observed considerably
more frequently 22,29,31,32,45,133,25),251'
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2. Reactions of Halogenated Hydrazones with Tertiary
Amines

Halogeno-hydrazones (XXVIII) are able to react with
tertiary amines by the usual mechanism of nucleophilic
substitution to give a quaternary salt (XXIX), ** but more
frequently XH is eliminated with the formation of the
extremely reactive “nitrilimine” (XXX), one of the most
thoroughly studied 1,3-dipolar reagents 3! %4%2%,2%,

CyHgN N - ’
R—C=N—NHAr —25 5 R_Cr=N—NHAr —255. —=N—N—Ar
X=Cl,Br |
X + +

(Xxvin

Ar
R«%C S—r Nl
N—,
\ N

/
RT—:( R N R N
] l L B
N
) " R
(xxxn Ar ' ' Ar

r Ar Ar
! A
o ,
N Py 2
o Y% 7z
\ \ fﬁ M
!

- —-N=Cc=0 R N R
xxvin 2% (p—E=N—f—an 2R + 50

0 N—
XXEN . N N\N
A N
7 % [} r T
$% N N
A

»

S || xxix

r
s N r\/\ r |
—r-~—0 R N R R - R —]
: I TV
N N_ S$>0 N N, |
) N ¥ VW ¥ Ns—lw
Ar Ar Ar A ! Ar
X z Ref. b z Ref.
—Cl — OH* 45,234 Br — OH* 130, 133, 134
240, 241
— OAc 45
—QAlk 45,234 — OAlk 45,234
— SH? 144 — NHAr 128, 134
— SR 47
— NH, 2, 45,47, 138 — NH, 45
— NHAIk 45, 138 — NHNH, 134, 179, 236
— NHNHAr 47, 137
— NHAr 2 —Ng 134, 236
—- NAlk, 45,138, 237 258 — NH, — NHAIk 189, 241
— NHNH, | 31,32, 45,237 — NAlk, 241
— NHNHRP 47, 143 — NHNAlk, 240
—Ng 31, 167, 239
—CN 4 — NHAIk — OH? 189
—1I 47 — OAlk — Ng 45
— NHNAIk, — NHAlk 241 — NH, 194
— OH? 5 — NHAlk 189, 242
— SH 47
—CN 46 —~ NHAr 242
— NHPh 2 — NAlk, 189
—CN — NHR 250 — NHNHAr® 4
—OH*® — NHNHRP 13 -~ NAIKAr 189
—~N=N—Ar —OH 230

3Under the reaction conditions rearranges into a hydrazide
(thiohydrazide).

Very easily oxidised to formazan
CThe hydrazide of the acid is used.

47,143

A nitrilimine cannot be isolated in individual forms, since it
either dimerises to a dihydrotetrazine (XXXI) 3!™%%4%2%2~255
or, in the presence of an unsaturated compound in the
reaction medium, undergoes 1,3-dipolar cycloaddition
with the formation of various five-membered heterocyclic
systems. The mechanism of the latter type of reaction
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has been discussed many times in the literature 2®%%%2%"

and a multicentre cyclic transition state is the most
probable. 3-Halogenated formazans can also serve as
source of nitrilimines ¥ -3%*%2®2%  yarjous types of
ethylenic compounds (including cyclic and heterocyclic),
alkenylamines, alkynes, nitriles, azomethines, isocya-
nates, aldehydes, thioaldehydes, carbon disulphideé and
carbodi~-imines have been used as dipolar reagents 1=3%
4%2%2-268  The enhancement of the electron-accepting
properties of the substituents R and Ar in (XXX) dimini-
shes its reactivity towards addition at the double bond and
increases the probability of dimerisation®®,

A nitrilimine adds more easily ata C=C than at a C=N ?*
or a C=C ** hond, but reacts less actively with a >C=N
fragment®®. In pent-1-en-4-yn-3-ones the nitrilimine
reacts with the multiple bond having fewer substituents?®,
Cycloaddition is a stereospecific reaction: the most
highly substituted carbon atom of the ethylenic or acetyle-
nic gzx(;gup becomes position 5 of the pyrazoline or pyrazole
ring**.

The cyclic products formed by the reaction of (XXX)
with aldehyde oximes and azines rapidly undergo further
reaction, splitting off a molecule of water in the first
case and cleaving at the N-N bond in the second, to give
substituted triazoles as final products*®. Vinyl deriva-
tives of quinquevalent phosphorus, containing the group

undergo the usual type of 1,3-dipolar cycloaddition with
nitrilimine **, whereas ap-unsaturated phosphonites and
phosphines react by a mechanism of 3 + 3 addition 2%,
Acylhydrazones, as well as semicarbazones and a-halo-
geno-aldehydes, are converted by tertiary amines into
oxadiazole derivatives”*%, If the aryl ring in (XXVIII)
contains an o-nitro-group, the resulting nitrilimine
rearranges rapidly into a 1-acyloxybenzotriazole 2™2%,

N
_ AN
R—(}J:N—NH—/\ Sy EtN {R—E:N—N——\/ \_yJ - NN

s
|
a NO, NO, ' Y
|

O—COR
Pyridine, quinoline, and isoquinoline can also act as
dipolarophilic agents in reactions with hydrazones of
type (XXVIII) in which R = COOAlk, but at high tempera-
tures the products rearrange into heterocyclic N-aryl-

: 2 270
cyanamides 89,270,
COOAlK
(. PN
—_— I
A T*CN
Ar

EtN or CgHgN (&
XXVIIl (R = COOAM) + CyHN — O Y —I(
N N
Y

Ar

IV. ADDITION REACTIONS

1. Addition of Hydrazones at Multiple Bonds

Unsubstituted and monosubstituted hydrazones of alde-
hydes and ketones, as well as disubstituted hydrazones of
aldehydes, contain a mobile hydrogen atom, and therefore
are able to undergo the Michaelis reaction > 779~ 12:223,24,25,

2"‘2811. ,_Addition can take place at azo 1»282-284 ethyle-
. - - 7 :
2=T)8-12,21,25,45 27,272,285 257 acetylenic 86

nic 9910523, 24,45,
. 10 BT apin 2=Ty0-
azomethine %5190 351805 181,209,473 117 hitrile2™™° 12,2345,

27-281 and carbonyl®’ groups, the amino-proton being
more mobile than the hydrogen atom attached to carbon.
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The reaction between semicarbazones and acrylonitrile

is catalysed by tertiary amines®”; benzophenone benzoyl-
hydrazone reacts with diphenylketen in hot (100°C) xyl-
ene®®”; whereas amidrazones (amino-hydrazones) add to
the ethylenic bond in vinyl ketones already at room tem-

perature 2,

cHON —B, _cxonong VR
_CX=N} HR —CHCN —EN_, B CX—=N_
R—CX—NNHCONHR' -+ CHj g
Bz
100° /
Ph,C=NNHB: Ph,C=C=0 —» PheC==N—N
HC=NNHBz + Phf t \COCHPh,
N—NH—CHR'—CH,COR
_NNH, o Y
R~ C{ + R—COCH=CHR’ — R"—
C\NH. C\NH,

The cyclisation of hydrazones of af-unsaturated car-
bonyl compounds, which occurs by a mechanism of intra-
molecular nucleophilic addition®, is the most widely
developed method for obtaining pyrazolines. The ease of
ring closure depends on the nature of the substituents in
carbonyl and hydrazine residues, and it occurs either
when the hydrazones are formed or when they are heated
in solution, often in the presence of acids*®. The
capacity for cyclisation diminishes with increase in the
electron-accepting character of R’. Addition of the N~H
group of hydrazones to an acetylenic bond has been
observed mainly in cases of intramolecular cyclisation
with the formation of pyrazoles®~""#®45  Ungubstituted
hydrazones*%, alkyl-, aryl-, and acyl-hydrazones 4527,27
1,5-diarylformazans **'®  and substituted amidra-
zones *™%™ are easily added at the C=N bond of alkyl,
aryl, and acyl isocyanates and isothiocyanates to give
N -substituted semicarbazones and thiosemicarbazones
respectively.

An example has also been reported of the preparation
of a pyrazoline by the intramolecular nucleophilic addition
of a hydrazone at the C=N bond of an azomethine *”’, and
an example of the addition of an unsubstituted hydrazone
at a C=N bond of an azine *°,

The NH group of a hydrazone adds also to a C=N bond,
althou_gh with greater difficulty than at an ethylenic
bond? Acetophenone hydrazone and cyanamide in boil-
ing alcohol yield the guanylhydrazone of this ketone *™,
and N, -arylsemicarbazones are obtained from sodium
cyanate and arylhydrazones*%

A
"N CN—NH, N _, Ar_ CNNH—C—NH,
HC | I
CH, NH
o
HiC ‘ HyC I
SC=N—NHAr X PTSCoN N-_C-NH,
H<” HsC |
Ar
NNH, g
¢/ R R CN-N=C—R’
“\NH, x |
NH; NH,
R AN /R
N=C—CH—C=N—NHR' — | Il
{1 Y
R H,N IT/
¥

Amidrazones add to mono- and di-nitriles in the presence
of triethylaluminium ®"°, The intramolecular addition
characteristic of hydrazones of a-cyano-carbonyl com-
pounds provides a method for preparing aminopyra-
ZOIES 2~ ,9—12,23,45,280,281.

The nature of the reaction products obtained from aryl-
hydrazones and azo-acyls (XXXI) has been discussed
many times. It is now considered that an azo-hydrazine
(XXXTI) is formed, which under the reaction conditions
sometimes—and then only partly —rearranges into the
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hydrazidine (XXXIII); but (XXXII) easily passes into
(XXXIII) on dissolution in pyridine *%28-2%5;

R—CH—-N=N—A R—C=N—NHAr
RCH-=N—NHAr + (=NCOR’), —— ]\L T _GHN
R'CO—N—NHOOR' R'—CONNHCOR'
(XXXI) (XXXII) (XXXIII)

The ability of hydrazones to add to a C=0 bond has been
discussed above (Section II, subsection on reactions with
carbonyl compounds).

Hydrazones are able to add to ethylenic *®*%, acetylenic?®®’,
and azomethine *° bonds by means of the =C—-H fragment,
but few examples of these reactions have been reported
hitherto:

Phcsimciing, _ AIKC=N—NHPh.

AIKCH=NNHAr
Ph—CHCH,NO,,
— Ar—can—
AN | Zmcmo \___I
— 0=C—NHSO,R

The reaction of aldehyde hydrazones with azides in the
presence of sodium alkoxides leads to the formation of
2,5-diaryltetrazoles**»**%%  Jf the reaction is con-
ducted under milder conditions, however, it is possible
to isolate intermediate addition products—1,4,6-trisub-
stituted 1,2,3,5,6-penta-azahexa-2,4-dienes—which on
further heating are cyclised to the tetrazoles *»1672%,
Hence the first stage involves addition to the 1,3 -dipolar
reagent, and the second stage intramolecular azo-coupling:

Na/EtOH /N—NHAr
RCH=N—NHAr -+ Ar'Ng— e e ya oo 1 =
R |__N
- |
- N N—Ar
\n

Unsubstituted hydrazones, in the form of an anion, add to
toluene-p -sulphonyl azide, but the products are unstable,
and decompose into a diazo-tl:ompound, nitrogen, and

toluene-p -sulphonamide %%%,

2. Addition at the C=N Bond of the Hydrazone Group

Reactions involving the addition of nucleophilic reagents
have been the most thoroughly studied 1925810532, 44,45, 45,15

R 8+ &~ R R R’
L N—N¢ AY /
x>c_.N——N\Y +HB — X3CNAN
(B=-~CN 2,10,32,44,45,48,49,392—204 » —NHN==CRX 100, _NHNHR” m' —OR” l.lu' —SR” l‘1’
~ 808—300
v Ry , —HCR'NO, ™39, __R¥ (R"MgX, RPLi) }9:1044:65,268,803—508)

In azines both azomethine fragments are capable of addi-
tion 259,10, 44,49.

Hydrocyanic acid adds relativel
hydrazones %5, a lhgedrazones2 , arylhydrazones®*%%,
semicarbazones ?'”*%?%  and azines#*#*%2% of aljphatic
and alicyclic aldehydes and ketones, which are converted
into a -cyano-substituted hydrazines. Acetone cyanohydrin
can be used instead of hydrocyanic acid*®. «-Keto-
nitriles behave similarly to hydrocyanic acid, adding at
the azomethine bond of arylhydrazones of aliphatic alde-
hydes and ketones to form acylated o -cyano-substituted

hydrazines *#%%:

easily to unsaturated

R R’
-+ SCN—N
X1 Ny
COR”
— NHNH
- LN/ No
NNH ('.;—NHNH, X =S

M+ R"

—

/

N
N/
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Hydrazines >°° and hydrazones '*° are able to add to the
C=N bond of hydrazones. The transhydrazonation of
hydrazones by hydrazines evidently also involves an inter -
mediate stage of addition. The dimerisation of unsaturated
hydrazones of aliphatic aldehydes ***°® and of monoalkyl-
hydrazones ***'%°!! and phenylhydrazones *'* of formalde-
hyde to 1,3,4,6-tetrasubstituted hexahydro-1,2,4,5-tetr-
azines is due to the addition of the NH group of one
hydrazone molecule at the C=N bond of another molecule:

NH—N<—R’
9RCH=N—NHR’ — R’—<N NH>—R
1174

(R=H, Alk; R’=H, Alk, Ph)

The hydroxy-groups of cellulose react with the thio-
semicarbazone of formaldehyde **, and hydrogen sulphide
with its azine>®”. Ring-chain tautomerism of 2’-hydroxy-
ethylhydrazones also involves addition of a hydroxyl at the
azomethine bond (Ioffe and Potekhin, Dorman—see Ref. 1
for literature). Dialkyl(and aryl)phosphines *®2%  dialkyl
hydrogen phosphines*”, and nitroalkanes ****” add
normally to hydrazones. Arenesulphinic acids and to
mono(benzoylhydrazones) of  -benzoquinone at the
1,6-substituents **:

_/NHCOAr
Q=C>=N—Nﬂcom + PhSO,,H—>HO~©—N\
S0,Ph

Mixed organomagnesium compounds react with unsatu-
rated hydrazones, alkyl-, aryl-, and dialkyl-hydrazones,
and azines of aldehydes to form hydrazines. This
involves alkylation (or arylation) of the carbon atom in
the hydrazone group 29219 %45,29%303=305  mhe reaction is
complicated by several secondary and consecutive proces-
ses, such as cleavage of the N—N bond, reduction, and
rearrangements 2*°°-%%®  Oyganolithium compounds
add somewhat more readily at the azomethine bond
of hydrazones, and the yields of hydrazines are
higher ***.  Strengthening the electron-accepting proper-
ties of the aryl group in dimethylhydrazones of substituted
benzaldehydes favours the addition of an organolithium
compound.

In the presence of acids isocyanides react with acetyl-
hydrazones and azines to form an addition product
(XXXIV), 231313314 yhich tends to rearrange or cyclise
(Ugi's reaction):

X X
| z: 0aCR! /.
i1+ R"—N=C + HZ ——>|i R ——NHNR‘Y} = R——I—N——NR‘Y
RNH!

RUN=C~Z NHC=0
o, XX
1"& % .
HN—ngR" RJ’——T—-—— %v—NHNR'Y
0)\N N n
Ar'y 'Y

Less study has been made of reactions in which electro-
philic addition takes place at the C=N bond in hydrazones.
The aldol type of condensation in the presence of acid
catalysts must be included among such reactions. Thus
azines of carbonyl compounds containing an a-methine
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group cyclise to gyrazolines under the influence of acidic

reagentsz,s,lo,n, 744,49,105, 113,315,318,
R R
R'CH,C:N—N=(|:—CH,R’ LN ” I
CHR'
R R AN
N7/ NR

|
H

A kinetic study of the formation of 1-cis-3-phenylpro-
penyl-5-phenylpyrazole in the pyrolysis of the azine of
cinnamaldehyde has shown that this reaction is intra-
molecular®’, and so can indeed be included in the present

type.

Hydrolysis. Being a weak nucleophilic reagent, the
water molecule adds with difficulty at the C=N bond of
hydrazones. The resulting gem -hydrazino-alcohols are
unstable and decompose into the hydrazine and the carbonyl
compound, or else lose the molecule of water and are
converted back to the hydrazone, so that a dynamic equili-
brium is established that under normal conditions is
almost entirely displaced to the left:

R R’ R R’
-1\ N = Nea N
14 H,0 = [X/C()HNH N\Y] pud X/C__O + HoN. N\Y

Alkaline #*%* and especially acid catalysis 2 %107*4%18

101,20%2% facilitates considerably the hydrolytic cleavage

of hydrazones. The hydrolytic stability of these compounds
is very %reatly dependent on the nature of the substitu-

ents #*%%; quaternary salts of hydrazones are most easily
hydrolysed *'**° followed by unsubstituted hydrazones *°
and alkyl- and acyl-hydrazones ®®!%*%2%  Arylhydrazones
are more difficult to hydrolyse than are semicarbazones.
Increasing the number of electron-accepting groups in the
phenylhydrazone molecule improves its stability to acid
hydrolysis**®; for example, acetone 2,4-dinitrophenyl-
hydrazone remains unchanged under conditions such that the
phenylhydrazone is completely hydrolysed®s. Arylhydra-
zones of a -keto-acids and a-dicarbonyl compounds
possess improved stability. Arylosazones of sugars
readily eliminate an arylhydrazine when boiled in acid
medium *¥*5,  Whereas the rates of hydrolysis of stereo-
isomeric oximes differ substantially, those of the stereo-
isomeric hydrazones of p -methoxybenzophenone differ
insignificantly®'®, Almost all types of hydrazones and
azines can be cleaved hydrolytically to the carbonyl com-
pound, but if in (II) the substituent X = Hal, AlkO, ArO,
NO:z, CN (see Section Ill, 2), ArN:N (formazans)*'®, a
hydrazide (a tautomeric form of a hydroxy-hydrazone:

X = OH) is formed initially, and is then hydrolysed to the
carboxylic acid and the hydrazine.

The hydrazone group is hydrolysed with greater
difficulty than ester '****® and acylamino ***® groups. I
these are present in a hydrazone molecule (X = COOR,
OAr, NHAz, CONHR), they can be hydrolysed without the
hydrazone fragment being affected.

3. Cycloaddition

In contrast to alkenes and azomethines, which form
three-membered rings with carbenes and nitrens 3%,
hydrazones are cleaved by these reagents. A carbene
displaces the residue of the carbonyl compound 3%*+32?
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and a nitren the hydrazone fragment ’”; examples of
1,1-cycloaddition to hydrazones are not yet known. If a
nitren is formed directly in the hydrazone molecule, the
reaction is complicated by rearrangement ***’

FArSO;N:1

E{00C—CH=NNR; “hogaci— RIC=NNR; — ~gmr it s~ RIC=NSOsAr
_N=N—Ph
RyC—N—N—C—NH, —=#%_, |p C-N-N_C-N:} » R
Pl N=C=0
Ph O Ph O
—  NNHPhT NNHPh
R—C\=N—NHPh R—-{ R—c|/ 0
~N 2N /N0 NN
0 =0 el
NN, | N NN/
NNHPh ™ . ’
R—$/ R
N:
NN
- r\“/ T “N—NHPh
oL \/\NO, | \l/\N/k
NO,

The possibility of 1,2-cycloaddition with hydrazones is
shown lg)y the reaction of aromatic diacylhydrazones with
ketens Hydrazones do not react by 1,2-cycloaddition
with acetylenic derivatives, perhaps owing to the instabil-
ity of the ring: either linear 1:1 adducts are formed, or
a second acetylenic molecule is involved to yield a cyclic
1:2 adduct®

Bz ) Z
Fl=C=N—N

—c=nr’ + Ph,C=C=0 —> FI N—-N/B
Bz Ph Bz
(F1 = fluorenyl) h

R

N /CX=CHX
R,0=NNR, + X—CE=C—X —» X NR, + CHy=C—N
R \NRa
X X

{R=CH,: X= COOEH)

Reactions involving the 1,3-cycloaddition of hydrazones
and azines to nitrilimine have been discussed above
(Section I, 2). The formation of tetrazole derivatives
from az:do-hydrazones and azido-azines (very often at
the instant of formation) **'™ and the dimerisation of the
dimethylhydrazone of carbon dioxide (dimethylamine
isocyanate) into an ylid (XXXV) **

HC
R’ ' N
N N/ R 4 H,c7?4_ N
r—c{ \y - lL [ \Yi [CH)N-N=C=0] » 0= »=0
N, N
N/ [
N (CHy).
(XXXV)

must be included in this type of reactions.

Examples of hydrazones functioning as dienophiles in
the Diels—-Alder reaction could not be found. A very
attractive idea was to use azines as dienes, but the
investigations showed 2¥%#%%28 that only in very rare
cases ““’ could azines undergo 1,4-cycloaddition: usually
they behave as ““ criss-cross” bis-1,3-dipolar reagents
and form 1: 2 adducts that are derivatives of tetrahydro-
pyrazolo|1,2-g]pyrazole > 32939733 ' Aromatic and
aliphatic aldazines and ketazines, and azines of per-
fluorinated carbonyl compounds react with alkylated alkene
derivatives of acrylic, maleic, hydrocyanic, cyanic, and
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thiocyanic acids, and with alkyl, aryl, and acyl isocyanates,
in conformitz with this scheme of “criss-cross” addi-

tion 28 #4049,328,330-353
R F,
| + — Il l —Ph ——>-
¥Ner, F &‘CF lmin Ph
3
(xxxvn (R=CHy)
N/.HR e X
— I
RHC/ ¥

Such behaviour of azines towards dienophiles must
evidently be explained by the non-coplanarity of azine
molecules *** and by steric hindrance to formation of the
S-cis-form., The cyclic azine (XXXVI) very readily
undergoes the Diels~Alder reaction*

V. CATALYTIC CONVERSIONS

Action of Acids

Several reactions of hydrazones in the presence of
acids have already been discussed. The conversion of
arylhydrazones of carbonyl compounds into indoles, known
as the Fischer—-Arbuzov reaction, also takes place under
the influence of acids and acidic reagents 2115-18)45038
Information on the catalysts used in this reaction will be
found in Refs.16-19. The formation of pyrroles from

azines (the Piloty reaction) is a form of the Fischer-
Arbuzov reaction #'®***%"  The process involved in the
formation of products of non-indole type under conditions
for the synthesis of indoles has been termed an “anomalous
Fischer -~Arbuzov reaction”, !*=*#37=34!  Njtrophenylhydra-
zones of acetophenones, benzaldehyde, and aromatic
ketones are cyclised into indazoles under the influence of
polyphosphoric acid (PPA);24342734

R
pESte At ety

Formazans are converted by strong acids into benzo-
1,2,4-triazines and anilineg*»*"1%:14%345  ppenazine
derivatives have been isolated as secondary products.
Unsymmetrical formazans yield two benzo-1,2,4-triazines:

\N—N—Ph
Héating arylhydrazones of a-hydroxy-carbonyl com-
pounds in acetic acid results in fission of the nitrogen—
nitrogen bond with formation of an unstable & -imino-
ketone, formed as intermediate in the preparation of
osazones from a -hydroxy-carbonyl compounds and hydra-
zines®

R’—CH—C=N~—NHAr

A [ R—c—c(
OH R

AMNH
I \NH] +AN,
o

Toluene-p -sulphonylhydrazones of @f5-unsaturated
ketones are converted in hot 50% acetic acid into good
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yields of s-tosylated ketones®*®, whereas bisbenzene-
sulphonylhydrazones of a-diketones in acid medium form
1-substituted 1,2,3-triazoles®**:

RCH=CH—C=N—NHTos —2% 4 _, o cH_cH,—C—R’

R" 'llos (!)l
N.

¥

(\ JNNHSO,PH (\ y
J _H
N/ \NNHSO,Ph L __JINHSO,Ph
R’—C=NNHAr i*_) R\‘ \=N\NA'
=N
R—C=NX R’

(R'=H, Alk, —N=N—Ar; X=OH, NH,, NHAr)

Formazan osazones ***°) bisarylhydrazones, and hydrazone
oximes of a-dicarbonyl compounds cyclise under these
conditions to give 2-substituted 1,2,3-triazoles>>?®85%
a-Azido-hydrazones in acid medium undergo rearrange-
ment into 1,4-disubstituted semicarbazides (Curtius type

of rearrangement) *®:

TG00 g NNHAr —aS0cHAOH o pypic NHNHAr

I
s (o]

/Ar
RNH—C——NH-N\
2) COCFy

Several hydrazones of heterocyclic aldehydes and
ketones, as well as hydrazones containing a heterocyclic
radical, are able to rearrange under the influence of acids
to form a new heterocyclic system, most often a pyrazole

ring #9138 (pecyclisation):
l/ \H_ —NNHPh HCI/EIOH | j ——'\ \‘l _ D
78°
NN\ ™

oh

V4
1 J J*_CQ[ % -+ PhCHO
NN N\o N\

|
N=CHPh

Action of Bases

Strong alkalis (potassium hydroxide and alkoxides)
convert unsubstituted hydrazones and semicarbazones into

saturated hydrocarbons (Wolff ~Kishner reductions) %1%
36,37,352-354, _

R

. -

AN +BH + nSol

\(;=N—NH, + Mt B‘,_.[ /c N—H | MY = BT + H(s0l), +
X

X
R R
. .. +BH
+ \i:—N; MY —=N, + \C~H —3 RCHX
4 x”

(B=OH", RO", CH3SOCH;; Sol= ROH., dimethyl sulphoxide)

Azines undergo complicated changes in the presence of
strong bases, evidently through an intermediate stage of
nitrile cleavage. Thus under the influence of potassium
t-butoxide in boiling xylene benzaldehyde azine gives
a mixture of products, mainly 3,5~-diphenyl- and l-benzgy -
3,5-diphenyl-1,2,4-triazoles together with benzoic acid®*.
Boiling arylhydrazones of aromatic aldehydes in the
presence of potassamide or sodamide in xylene or benzene
leads to the formation of amides *»*%¥7*%™% (the Robev
rearrangement), which under the reaction conditions may
decompose into an arylamine and a nitrile. This reaction
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involves an intermediate stzge of homolytic cleavage of the
nitrogen—nitrogen bond**"*%:

—Ar
PhCH=N—NHAr XHe? _, Ph--C<N —f— PHCN -+ ArNH,
NH,3
Such cleavage produced by alkalis occurs also in benzgy!—

phenylhydrazones of quinones®® or aromatic ketones*%:

Ph NaOH
(PhCO),czN—N<coph T

~> PhNHCOPh -+ PhCOOH -+ NH,

Semicarbazones of quinones decompose in hot alkali
into phenols®*®*®  and azophenols have been isolated
as by-products*®:

: ST :
N
0= _»=NNHCONHR —*'> \r\/ +HO— ¢ __>—N=N—{=<‘°H
i
R N/ R R

Diazo-compounds are formed by the hot alkaline
cleavage of toluene-p -sulphonylhydrazones of aliphatic,
mono-, di-, and tri-cyclic, aromatic, and steroid alde-
hydes and ketones '’*?***%®, " They are not usually separated
from the hydrazonesg but are converted i situ into
carbenes '?'132U8ETER  Kecomposition of the dry sodium
salts of toluene-p -sulphonylhydrazones gives similar
results 865;370,371:

R NaOAlKk, ¢ R _ R
CNNHTos ML NG N fi—Tos —>  CN, (XKXVID
X X’

il

:kene: ~ {:R\l :I 1:11‘/“\\" m
imers - /O. 4
X

oy
carbocycles / \

Toluene-p -sulphonylhydrazones of af-unsaturated
ketones behave similarly on alkaline decomposition in
protic solvents®™, whereas in an aprotic medium cyclo-
propenes are formed®™. Depending on the nature of the
groups in the carbonyl component, bistoluene-p -sulphonyl-
hydrazones of a-dicarbonyl compounds form either
alkynes or 1,2,3-triazole derivatives®®:

RXCH—O—Alk

H:C\_N _/NHTos R—C=NNHTos _ ..
LN P s L —NaoET ~ PhC=CPh
_N  C—
HC,/ ) R _NN}iTos
CH=NNHTos N\
|/\i|/ NaOCH, \/ \“/\N
|
N/ \CH=NNHTos N /N_T"S

The alkaline cleavage of the corresponding dihydrazone of
phthaldehyde also yields a heterocycle, not a dicarbene®™.
The action of a lithium alkyl on toluene-¢ -sulphonyl-

hydrazones of carbonyl compounds containing an
a-methine group gerovides a convenient method for
obtaining alkenes®®*'® and dienes®”” that are particu-
larly inaccessible, e.g. in the terpene or steroid series.
The abnormally high content of cis-alkenes in the products
is evidently due to the fact that intermediate formation of
a carbene is not involved®™, Toluene < -sulphonylhydra-
zones of af-unsaturated ketones are converted by butyl-
lithium or sodium hydride into pyrazoles®*™. The use of
excess of a lithium alkyl yields the alkylated hydrocarbon
without the formation of alkenes®":

AMLL pocH, C—N—NHTos —AM R/ _cH, _CH_Alk
| |

R R

R'CH=CHR «
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Under the influence of alkalis quaternary hydrazonium
salts of aldehydes undergo amino-nitrile cleavase with
rupture of the nitrogen-nitrogen bond ?*!s4% St» &, 74~76,380-383,

RCH=N—KAlk; —2~» RCN + AlkpN

This is a general reaction for cyclic and acyclic hydrazon-
ium salts ™ containing the fragment

—CH=N—-NZ
CHNN\.

Quaternary salts of disubstituted hydrazones of ketones
containing an a-methine group are cleaved by alkalis to
a-amino-ketones 2% %3878 The intermediate nitren
isomerises into an azirine, which adds a molecule of an
alcohol to form the alkoxyaziridine, and this is converted
by water into the amino-ketone 8e

R'—CH,

R>c~—N—N—A|k Arong g [ '—CIL——?—R] — R’-V-

— \v<0 io» R—cH-——ﬁ—R

Acetophenone trimethylhydrazonium iod1de is converted
by an alkoxide into 2 4-d1phenylpyrrole 8¢ and n-butyl-
lithium yields l-phenylheptanone 87,

Ph——
” J « [Ph—C—CH,NH,
o [ b ]

n-BuLi

Ann‘og

PONa [ (l:___N_N (CHys —

CH,
———- Ph— C—~C,H13

In the presence of alkalis or acids dihydrazones and
oxime hydrazones of a-dicarbonyl compounds are cyclised
to 1,2,3-triazole derivatives **°, whereas acylated amidra-
zones in alkalme med1um are cyclised to 1,2,4-triazole
derivatives *

N—~N
NaOH_’ "
R/ \N/ \R'
I

Acylhydrazones of aromatic ketones, obtained from
hydrazides of @- and §-chloro-carboxylic acids by the
action of bases such as sodium hydride, form cyclic ylides
(XXXVII), **° most probably by the following series of reac-
tions:

N—NHCOR’
J/

R—C
\NHR"

c=mg\u Ar,C=N-—N\
—:‘%:ir =0 == Ar,c\[ Rty —>
CcH—(cH. o
ReH—(C ﬁa R<[:HL H)a N\/(l‘.HR
o] < a
o
N /
N en N ‘“\(
e P )
——CH, ?—-CH,
Aty
(Xxxvim

Hydrazones of certain heterocyclic ketones undergo
rearrangement with formation of a different hetero-
cyclic system %107%126°2T45493%0=398 " 1, 5re often in alkaline
than in acid solutions.

Monosubstituted and unsubstituted
hydrazones. of flavanones

‘5’3‘”’"162 chromones and thio-

chromones *° 3-acylchromones®”, pyrones 23,4549,
-acyl-y~lactones *4% and thiolactones ***®, and 3—acyl—

indoles **** when heated in alkaline medium rearrange to

derivatives of pyrazole, pyrazoline, or pyrazolone.
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Hydrazones of a-acyl- and a-oxo-6-lactones 2#2"4%3%5 gpe

converted into pyridazones (cinnolines), and 5-arylhydra-
zones of unsubstituted, 2-alkylated, and 2-arylated
imidazoline-4, 5-diones into 1-aryl-5-R-1,2,4-triazole-3-
carboxylic acids®®®, Hydrazones that are derivatives of
N-amines of nitrogenous heterocycles also tend to undergo
such rearrangements*®*»'?°, A common feature of these
reactions is rupture of the Z-C bond in the heterocycle
with nucleophilic attack on the amino-nitrogen atom of the
hydrazono-group and formation of a carbon-nitrogen bond
in a new heterocycle:

R'CH—CH—R"
-
o A ’ M
N

|
R

R"
rend

o

NNHR
)
R—\

gm

R

CHH g
\/wl on 2 | I
Jge .
|
R
. (CHy, R R
AN ,NHR RICHCH (CHy), R
OH- | ZlH ‘ M/
R Nz2/No
o/ N/
|
R
o
. ? R Il c/o
R \f\,/NNHR ori- \H/\H/ \zH
N
R'/\Z/\O R'/\N/
|
R
NNHA
N—7r Ar—N—N
| l L ARA
R WA R NN N\cooH,
h
‘(\'_N _N=CHPh ml S pi

(in all cases R=H, Alk, Ar; R’, R"==H, Alk, Ar;

R +R=— iy || ete. 70, S, NR)
N/

Pyrolysis

Heating to 200-300°C aryl-, diaryl-, and acyl- ar;r
hydrazones of aldehydes, sometimes also of ketones
often in the presence of transition-metal chlorides, leads
to heterolytic cleavage of the nitrogen—nitro gen bond with
formation of a nitrile and an arylamine 21045 %, 0L,

RCH=NNHR'Y —32=%%"_, RcN 4 R'NHY

Alkylhydrazones of aldehydes are also capable of nitrile
cleava, e‘3 but the reaction occurs with greater diffi-
culty Trialkylhydrazonium salts of alde}g{des of
type (VI) are cleaved considerably more easily
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In the case of bisarylhydrazones of 1,4-diketones heat-
ing leads to the formation of N-arylpyrroles Y. Pyrolysis
of the sodium derivatives of toluene-p —sulphonglhydrazones
is one method for generating carbenes ****%3% whose
further transformation depends on the structure of the
carbonyl component, mostly yielding alkenes*®*, some-

times ketones containing a p -tolylsulphonyl group“gz

t
RCH,—C=NN—Tos — RCH=CHR' or R—-?H—COR'
|

R’ Na Tos
CHy———
H . s
"N CoNNHTos —2 ! , CH
HC” N | CHs
NN NcH,

|

Tos
Pyrolysis of acetone toluene-¢ -sulphonylhydrazone is
“anomalous” and leads to the formation of 3,5,5-trimethyl-
1-p -tolylsulphonyl-A?-pyrazoline %0 Thus the products
are analogous in structure to those obtained by the catalytic
decomposition of acetone phenylhydrazone *°, Derivatives
of AZ-pyrazoline are formed also by pyrolysis of the
perchlorate of acetophenone dimethylhydrazone °%.

When acylhydrazones, including semicarbazones and
thiosemicarbazones, are boiled in solvents or are heated
above their melting points, azines are formed*. The
pyrolysis of aromatic azines at temperatures around
300°C passes through a stage in which diazo-compounds
are formed®'' and then carbenes*®*®*!  yielding stilbene
derivatives2'10’“’49’4"25 but cyclopropane derivatives when
alkenes are present®?, Aliphatic azines decompose
analogously, but the possibility of isomerisation into azo-
compounds produces conditions under which various
alkanes can be formed ***"*%,

Amidrazones, acylamidrazones, and hydrazidines are
cyclised at 150-200°C to 1,2,4-triazole derivatives *2®
110,404 hut dihydrazones and oxime hydrazones of o -di-
ketones form 1,2,3-triazole derivatives®”?%*%  Acyl-
and thioacyl-hydrazones, including semi- and thio-
semi-carbazones, of o-alkoxy-carbonyl compounds
(acylhydrazones of esters) are cyclised at high temperature
to oxadiazoles or thiadiazoles '97°!%

N—N

R
SC=N—NH—C—R" —~

AIkO/ g R_"\z/“_R' (Z=0, 5)

Arylhydrazones and disubstituted hydrazones of a-acyloxy-
and sometimes @ -aryloxy-carbonyl compounds (arylhydra-
zones of acid anhydrides or esters), however, undergo a
Chapman rearrangement under these conditions *!**®%7:

R R’ R’
NC=N-N¢ —t— Re—NN
Ny |y

R R
C=N-NHR' —to r—c—NuNd ”
0 X

X0 I N x07
0

(X=Az, Ar)

Photolysis

When benzaldehyde phenylhydrazone is illuminated, the
nitrogen-nitrogen bond is broken with the formation of
benzonitrile, aniline, and benzaldehyded the last produced
from its imine **®. Diazo-compounds **® and then carb-
enes®® are intermediates in the photolysis of toluene-p -
sulphonylhydrazones, but the products obtained are different
from those from the alkaline or thermal decomposition of
this group of hydrazones®®*%°  Thus photolysis of the
sodium salt of the toluene-p -sulphonylhydrazone of nortri-
cyclanone yields 3-nortricyclyl p ~tolyl sulphone, whereas
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its pyrolysis gives 4-ethynylcyclopentene “°. The photo-
lysis of aromatic azines involves rupture of both nitrogen—
nitrogen and carbon-nitrogen bonds with the formation of
aryl cyanides, cis- and frans-stilbenes, and aromatic
imines, which are hydrolysed to aldehydes ***!*, In
aliphatic azines the cleavage of carbon-carbon bonds in
the carbonyl component is also observed *#*%*%:

(CH{CH=N—), —— CH,CN + NH, + N, -+ CH, + GHy - CH,CH=CHCH;§ .
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