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INTRODUCTION

Pyrazolidinones (described previously as pyrazolidones),
like their most important derivative phenidone 1, are an
interesting although rather neglected class of heterocyclic
compounds. Possibly their character-neither aromatic nor
saturated (their hydroxy tautomer is a pyrazoline)-explains

1-5

why the classical monographs on pyrazoles contain so little

information on these molecules.

A review by Dorn® constitutes the best available study on
these compounds, particularly on the relationship between
pyrazolidinones, aminopyrazolines, pyrazolinones (old
pyrazolones) and aminopyrazoles. Two other important sources
of information are a review on the chemistry of aminimides’
which includes a thorough discussion of structures 4 and 5
and a book by Grashey8 where the reactivity of "pyrazolidinium
ylids" 5 is well studied. Finally there is a review on
phenidone and some of its derivatives, their physico-chemical
properties and applications.9

To illustrate the coverage of the pyrazolidinone field
Table 1 represents statistics of the 149 references found in

Chemical Abstracts between 1977 and 1989.
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Table 1. Distribution of References Concerning Pyrazolidinones

Synth. React. Phys-chem. Drugs Photogr. Others
properties
Articles 14 19 19 12 7 -
Patents 10 -- -- 16 42 10®

2 Antioxidants, Electroplating, Inks, Dyes.

It is apparent that during this period the field of
pyrazolidinones has expanded from purely academic interest to
an area of industrial significance. Thus, some important
results being quite recent, e. g. the Lilly work on synthetic
antibacterial agents, an updating of the previous reviews
seems useful.

The main objective of this review is to survey the
synthesis and reactivity of pyrazolidinones, both 3- and 4-
pyrazolidinones, the latter ones being much 1less studied.
Thiopyrazolidinones, iminopyrazolidines and the acetals
derived from the 4-oxo dgroup will be discussed only in
relation to pyrazolidinones. The review will include a short
summary of the physico-chemical properties of pyrazolidinones
as well as some references concerning their applications.

Structures Included Structures Excluded
(o] 0 (o} (o]
S S o R o
N N N 5 N 5
~ \N -~ \N / \N o) P \N NH
! | I |
Pyrazolidin- Pyrazolidin- Pyrazolidin- 5-Imino-pyra-
3-ones 4-ones 3,5-diones zolidin-3-ones
2 3
(0] 0
=N_ + ~N_ +
# ¥
1l
C
Betaines 7N
Azomethine Imines
4 5
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Dipolar compounds 4 and 5 have attracted much attention.
Betaines 4 (also described in some publications as ylides)
were known as 1,1-diR-pyrazolinium-3-oxides although their
correct name is 1,1-diR-3-oxopyrazolidinium hydroxide inner
salts. Still more confusion exists regarding compounds 5 which

have been described as pyrazolidinium ylides,
azomethineimides, 1-substituted ylidene pyrazolidin-3-one
N,N-betaines and pyrazolidin-3-one azomethineimines,

although it was always recognized that they are 1,3-dipoles
-carbonyl stabilized azomethineimines-. The terms -ylide and
-imide must not be used for these very polar compounds (u = 8
D for 5 and 4 = 9 D for the corresponding C=S derivative).
I. SYNTHESES
1. From Other Pyrazole Derivatives

All the possibilities are represented in Scheme 1 where
the nitrogen atoms have been omitted to cover both 3-and 4-
pyrazolidinones. Although not a preparative method since it
generally gives a mixture of products, the reduction of
pyrazolinones (pathway a) has been much studied. The most
frequently used reducing agent is lithium aluminium hydride
(LAH) which only reduces 1,2-disubstituted Zﬁ—pyrazolin-s-
ones. Unsubstituted or 1-monosubstituted zf-pyrazolin—s—ones
are not reduced, due to the formation of a stabilized anion

which prevents the reduction.

OH
OH
gle
D e ¥
0
9 o
red e
) :
RO, OR
Scheme 1
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R3

[ I LAH
N
—_—
N0
A

The reduction of antipyrine 6 (2,3-dimethyl-l-phenyl-3-

pyrazolin-5-one) by means of LAH yields the 3-pyrazolidinone

7 in addition to compounds of further reduction, pyrazoline 8

and pyrazolidine 9. M

Investigation of the mechanism
established that the hydrogen of the 3-position of 7 comes

from LAH and that of the 4-position from the water of
12

hydrolysis.
Me Me Me Me
— 1) LAH . | .
N N NG NG
Me” SN0 2) H20  mes SN0 Me” N Me~ >N
| I | |
Ph Ph Ph Ph
6 7 8 9

13 4

The reaction was generalized to thiopyrine, pyramidon,1 and

15

thiopyramidon.” In the last two cases, the substituents of

pyrazolidinone have the trans stereochemistry, as shown by H

NMR.
Me \\\\\NMez (o] o]
L N )
N HN
Me” “NX Y N
i H
(o] Ph

Ph
X=0,8 10 11

Catalytic hydrogenation has been successfully used to reduce
pyrazolinones. Thus, pyrazolidinone itself 10 has been

obtained from the parent pyrazolinone16

and the tricyclic
system 11 from the corresponding pyrazolinone,'’ showing that
both A’-and A’-derivatives are reduced in these conditions. A
related and rather curious reaction was reported by Barton et

al.™ Fluoroantipyrine reacts with CF;0F to yield the
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pyrazolidinone 12 which corresponds to a formal addition of
HOF to the C;-C, double bond.

12

Of the same degree of oxidation as pyrazolinones are
pyrazolium salts. Although the reduction of pyrazolium salts
to pyrazolines is well-known,®the use of hydroxypyrazolium
derivatives has been 1little explored. The only reported
examples of pathway b are those shown in Scheme 2.

Me
PN LAH | - l ,_;[
N I\ + ,‘ I + 1
Me~ \I\II NMe, \N me™ \N P
Ph Me
Scheme 2 13

In both cases, the reaction should proceed through an
intermediate A3—pyrazoline which in turn is hydrolyzed to 7 or
tautomerizes to 13.%

There are no examples of oxidation of 1,2-disubstituted-
3-hydroxypyrazolidines into pyrazolidin-3-ones, probably
because in the absence of disubstitution at position 4 they
dehydrate into A3—pyrazolines. Oxidation of 1,2-dimethyl-4-
hydroxypyrazolidine 14 by sodium dichromate seems to yield
1,2-dimethylpyrazolidin-4-one 15 (pathway ¢) although further
oxidation is observed.?

N ’ N j NI l
Me~ \N: Me” \l?l SN
i
I\Ille Me Me
14 15

Oxidation of 4-methylenepyrazolidines (pathway d) leads to
4,4-dihydroxypyrazo1idines‘?1 which can subsequently be
dehydrated to pyrazolidin-4-ones (Scheme 3).%
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RGP HO_ OH 9
SO,CI
__._03__... _z_i’ E= COzEt
No N N
N/ E /7 E / E
\ N N
E \ A\
E E

Scheme 3

The hydrolysis of 3-iminopyrazolidines (pathway e) to
obtain pyrazolidin-3-ones is a very useful method which has
been carefully studied (Scheme 4).6

HN HN o

H20 10 H*
HN\ N H2504 HN\ H20 HN\ N
N " )
Rl Rl
HN EtoN 0
N I N ] ] ]

Rz/ ~ N HZO 2/ 2 2/ N\N
H |1

R

Scheme 4

The hydrolysis of 3-iminopyrazolidine sulfate (readily

available) 1is the best method to prepare pyrazolidinone

10.8:2%

aralkyl or aryl) or at position 2 (R2 = aryl), acid hydrolysis

leads to the corresponding pyrazolidinones.ﬁQQ The less
30

common case” of 1,2-disubstituted derivatives, is identical.

When there is a substituent at position 1 (R1 = alkyl,

Finally, the hydrolysis of acetals (pathway £f) failed in all

21,32

reported attempts: acetals 16! and 17 are stable in acids.

0/5 EtO_ OEt EtO_ _OEt
° EZS\
N—R N—R

Me~” N R N\R
|
Me
16 17a 17b
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2. From Other Heterocycles

Amongst the very rich field of heterocyclic
rearrangements, a few of them yield pyrazolidinones. Some
require hydrazines as reagents and they proceed through steps
very similar to section I.3 (below). The most interesting is
Nalepa’s use of unsaturated azlactones 18 to obtain 4-
aminopyrazolidin-3-ones 19 (see also refs 36 and 225 for the

reaction with pheylhydrazine) .3
Rl
, NHCOR
R 0~ "0 :
18 19
Related reactions using coumarins® or epoxyesters38 are
illustrated in Scheme 5.
COZR RNHNHy OH
N .
NaHa HN I
\N Ar
|
R
trans ------ - v ~- - -~ ptrans
CisS-=-~-==--- - - -~pcis
Scheme 5
Rearrangement of diazepinones has been reported by Moore®+4°
and that of bicyclic oxazolidines by Market and Fahr*' (Scheme
6).
/ ’
R R ’
R (o]
R 0 ¢ r__ol R. O R
7 | (o]
hy N R A R R
- SN N ~ R N_ 2
N\ N H o) SN o SN70
N— H ||R” R '!?n

Scheme 6

3. From a,f~-Unsaturated Acid Derivatives and Hydrazines

The reaction between hydrazines and 1,3-difunctional
compounds is the most common procedure to prepare
"pyrazoles".5 The simplicity of this method and the stability
of the resulting products explain why "pyrazoles" (pyrazoles,
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pyrazolinones, pyrazolines, pyrazolidinones and
pyrazolidines) are so popular amongst chemists. We have
already described synthesis of pyrazolidinones using
hydrazines (section I.2 above) and we will encounter this
reagent again (section 1I.4 below). The 1,3-difunctional
compounds are generally the a, f(-unsaturated acids or one of
their derivatives (mainly esters, but also acyl chlorides,
anhydrides or even amides). Although there is an abundant
bibliography on this reaction, there are few mechanistic
studies. The formation of pyrazolidin-3-ones from mono- or
1,2-disubstituted hydrazines is discussed in two

42,43

references. Baldwin used the example of the reaction

between cinnamic acid and hydrazine to illustrate his rules.*
The synthesis of betaines 4 from 1,1-disubstituted hydrazines
was developed by Sokolova.*:4,

It is difficult to systematize this reaction since it
depends on so many factors:

- the substituents on the carbon atoms

- the nature of the COX group (X = OH, OR, Cl, NH,, etc.)

- the nature of the hydrazine: hydrazine itself, 1,2 or

1,1~-disubstituted hydrazines

- the substituents on the nitrogen atoms (alkyl,

aralkyl, aryl, acyl, etc.)

- the experimental conditions and, especially, the

solvent polarity and the presence (or absence) of a

base.
Scheme 7 represents an effort to present the available
experimental evidence schematically, considering only the
type of hydrazine. Hydrazine itself reacts with «,f-
unsaturated esters to yield 4-r,* 5-r,**"* 4, 5-Rr,,%° and s5,5-
R, pyrazolidinones,? depending on the substituents on the
double bond of the a,f-unsaturated ester. Unsubstituted
pyrazolidinone 10 cannot be obtained from alkyl acrylates and
hydrazine. As already pointed out, this was the reaction

21

selected by Baldwin™ to illustrate his rules (Scheme 8).

The forbidden 5-Endo-Trigonal <cyclization of the

hydrazide does not occur even at 200°C, whereas the 1,4-adduct

(the hydrazine) cannot be isolated, so facile the allowed 5-

Exo-Trigonal cyclization. As was pointed out by Anselme,”®
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( O‘c—c/o
o RS 2 —
CO-N~-NH-Q
Hydrazide
7§ 1,2 addition
2N —N1 - J
H”  OH
, 99
N{ more nucleophilic O-N-N-C-C-COX —»
[
than Np 4 é 6 I!i
/ Hydrazine
Q. 0 1,4 addition
C=C
o cox -
Pe)
O~  NCO-NH-N__ —»
o 'N\ﬁ
Hydrazide d b
I-0
~H J l
N—N e
SH
o\c-c/O + 0
O~ CO-NH-NZ@ 1~ —» I H I-
@ N
Todoalkylates d b
1,2- addition
@\N—N—C-(I:-COX
o YA
) J Hydrazine
(o)
H_ ?_‘_Q Q -XH H
oN-NEC-C-cox X~ ==  _y
o b h SN
Hydrazinium Salt. d b
1,4 addition
Scheme 7
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(o]
Ph
Ph/v'\ 1.CICO2R \/Yo
e,
OK 3 NHNHZ

NH  5_Endo-Trig

H2N/
l S e
HL L
0
Ph” X OMe ———> 5-Exo-Trig

Scheme 8

factors other than geometric and stereochemical
considerations play a role in determining whether cyclization
will occur readily, especially when heteroatoms are involved.
Even using esters, formation of hydrazides is observed.?
Finally, the reaction of hydrazine with cyanocacrylates does
not yield 4-cyanopyrazolidin-3-ones but cyanoacetic acid

arylidene hydrazides (NCCH,CONHN=CHAr) by a retro-Knoevenagel
51

reaction.
Methylhydrazine always yields 1l-methylpyrazolidin-3-ones

when reacted with acids®®”3 34

or esters.” Assuming that the N-
methyl nitrogen is the most nucleophilic one (it is the
nitrogen acylated by esters)55 the final product corresponds
to a 1,4-addition followed by ring closure of the hydrazine,
in agreement with Baldwin’s rules. In the case of benzyl-
hydrazine, in which the difference of nucleophilicity between
nitrogens should be small, both isomers are obtained. Scheme

9 summarizes the results obtained with different esters.®

Rl R3 0} R3 Q R3
~ 7
c=cC + PhCHaNHNHy, —» ! I ;R1 + ! [ ;R1
R%" " "NcoLkt HN_ 2 N R2
2 N R N
CHaoPh
Rl R2 R3 20 21
H H H 67% 33%
Me H H 40% 60%
Me Me H -— 100%
H H Me 44% 56%

Scheme 9
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The results of Scheme 9 are still consistent with a mechanism
which proceeds through two intermediate hydrazines,
PhCH,NHNHC (R'R*) CH(R*)CO,Et  and  PhCH,N (NH,) ¢ (R'R?) CH (R®) CO,Et,
which cyclize into 21 and 20, respectively. Steric effects
between Ru R’ and the benzyl group explain the different
ratios. The following synthesis of pyrazolidinones which
probably involves an intermediate hydrazine is related to

these monoalkyl and monoaralkylhydrazines.23'57

o)
HoNNHCHpCHaCONHy ———— » O: NNHCH2 CH2 CONHo

o
N' ] - <:>- NH NH CHg CHy CONHo
N

The reaction of 1,2-dimethylhydrazine with acrylic
esters CH,=CRCO,Et (R = H, Me, Ph) was studied by Kornet,58'59
who had previously described the synthesis of 1,2-

disubstituted pyrazolidinones from 1,2-diethylhydrazine.
Although there is no problem of orientation, this case is
interesting since the intermediate hydrazine was isolated.

CHy=C—COpEt MeNHNHMe  \ioNHNCHaCHCO Et —n
i L N
R Me R Me” SN

Kornet®® extended the reaction of other 1,2-dialkylhydrazines
(Et,Pr,i-Pr), which also works with 1,2-dibenzy1hydrazine.“
In the case of ethyl acrylate (R = H) the hydrazine resulting
from the addition of both nitrogens EtO,CCH,CH,NR’/NR’CH,CH,CO,Et
is formed.>® Cyclic hydrazines behave like 1,2-
dialkylhydrazines."e

Me

R—CH=CH—COpEt + (S —_— N I
HN ~ NH SN“R
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The reaction between 1,1-dimethylhydrazine and «,f8-
unsaturated acid derivatives was studied in a remarkable
series of papers published between 1964 and 1970 by Sokolova

4.4 The most important result is that the

and coworkers.
pyrazolidinone formed is always 1,1-disubstituted 4 and never
2,2~-disubstituted. Since 1,1-dimethylhydrazine is acylated on
the NH, nitrogen in spite of the NMe, nitrogen being more
basic (a consequence of the instability of the H,N-N(Me),CO,R
salt)sta’ the only possibilities are those illustrated in
Scheme 7.

6163 the betaine 4 was isolated, but in

In most cases,
some cases the hydrazine, e.g. MeZNNHCHZCHZCOZMe,“ is formed
which cannot be cyclized. 1In other cases, the hydrazide
R-CH=C (R’ ) CONHNMe, is isolated,®'% but most importantly, it is
possible to transform the hydrazide into the betaine 4 1in
spite of the fact that such transformation is a forbidden 5-

46,67

Endo-Trigonal cyclization. Only when there is a bulky

substituent on the nitrogen and on the f-olefinic carbon,

cyclization cannot occur.®®

The transformation hydrazine to
betaine 4 is reversible (section II.3). Two other results
worth noting and related to Scheme 7 involve the
rearrangement of iodoalkylates of hydrazides into
1,1,2,-trisubstituted pyrazolidin-3-one iodides 22.%
Recently, the reactivity of 1,1-dimethylhydrazine towards
acrylic acid was reexamined.’”’ The authors isolated the
zwitterion of hydrazinopropionate 23, which by treatment with
acetyl chloride yields the salt 24. Thus both mechanisms of

Scheme 7 are operative in the case of 1,1-dialkylhydrazines.

(o)

Rl Me 2
| I I” H\N M CHy — CHy— COS N cr-
~N=CHy—~CHy,—CO3~ —>» +
Me/N\; R H~” | 2 2 H S
/ \ Me / \
Me Me Me Me
22 23 24

The use of phenylhydrazine in the synthesis of
pyrazolidinones was extensively studied in two

publications.“*3

In neutral medium, phenylhydrazine reacts at
the more nucleophilic NH, group. The 1,2-addition leads to

hydrazides RR’C=C(R") CONHNHFPh and the reaction stops
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(phenylhydrazine 1is acylated exclusively on the terminal
55

NH,) .

isolated, and subsequently to 2-phenylpyrazolidin-3-ones 25.

1,4-Addition leads to hydrazines, which were not

However, the most frequent reaction of phenylhydrazine is the

formation of l1l-phenylpyrazolidin-3-ones, such as phenidone 1,

by reaction with o,B-unsaturated esters in basic medium. %7172

d®'*? that in this last case the reaction

It has been postulate
corresponds to a 1,4-addition by the N-phenyl nitrogen of the
Ph-N-NH, anion. The reaction is general for aryl and

heteroarylhydrazines.

(o) R4 (o) R4 0 R4
h/N\ IRS ,N\ : :Rs /N\ : ’\Rs
Pl ? Ph T Me N
H Me IIDh
25 26 27
1-Phenyl-2-methylhydrazine behaves like phenyl-
hy(i).'azine;l"""'3 in neutral medium, it reacts by the NH-Me

nitrogen to yield 1l-methyl-2-phenylpyrazolidin-3-ones 26 and
hydrazides and in basic medium where Ph-N-NH-Me is formed,
the isomeric l1-phenyl-2-methylpyrazolidin-3-ones 27 are
formed; 1l-phenyl-l-methylhydrazine yields only hydrazides due
to steric hindrance.

Acylhydrazines, hydrazides, react in some cases with
a,B-unsaturated acid derivatives to yield pyrazolidinones.
For instance, hydrazine can react twice to form derivatives
of pyrazolo[l,2-a]pyrazole (Scheme 10)"8 (see also ref 73).

NoH ? R R-CH=C(R)-CO,X Q R ] R
R-CH=C-COpX —24 |l - 2, HNi l — Nl |
RI \u R \';l R R \N R
(X=H,CH3) R=CHy-Cs0 R'Ll\
i >
Scheme 10 28

It can be observed that the most nucleophilic nitrogen, N,
(section II.2.a), forms the hydrazide 28 which subsequently
cyclizes. This 5-Exo-Trigonal cyclization was also observed
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by Anselme®® in the case of N-cinnamoylphthalhydrazide 29
which yields the tricyclic product 30.

(0] 0 (o}

N A N

Ly — )

NH on N Ph
0 o

29 30

In summary, the formation of pyrazolidinones from
hydrazines and a,f-unsaturated acids and their derivatives
proceeds generally through a Michael addition followed by a
5-Exo-Trigonal ring closure. However, in some cases (1,1-
dialkylhydrazines, acylhydrazines) the reaction goes through
the hydrazide and forbidden 5-Endo-Trigonal pathway.

The synthesis of pyrazolidinones by reduction of N-
nitrosamines is related to the preceding method, since it
starts also from ¢,fB-unsaturated esters and proceeds through
a similar hydrazine (Scheme 11).

CHp =C-CO2Et RNH2 R -NH-CHg~CH-CO,Et HNO2 R-N-CHa-CH-COEt
R R NO R
(R’=H,CHg)
Zn/AcOH
(o) R’
J‘——J/ R EH CHy cI:-l COLEt
SN 2
R
31
Scheme 11

A large variety of 1-R-pyrazolidin-3-ones 31 were prepared by
this method with R = Me, cyclohexyl, benzyl, phenethyl and
%27 phenidone (R=Ph, R’= H)
is conveniently prepared by this method.

phenyl amongst other substituents.

4. From f~-Haloacyl Halides (Pyrazolidin-3-ones) and 1,3-
Dibromopropanones (Pyrazolidin-4-ones)

The second most used method to synthesize pyrazolidin-3-

ones is by the reaction of fB-haloacyl halides (in some cases

B-halopropionic acids or &esters) with hydrazines. The

reaction proceeds through similar intermediates, hydrazines
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and hydrazides, as in the previous method (Scheme 7), but in
this case it is possible to obtain 4,4-disubstituted
pyrazolidinones, whereas previously there was always at least
one hydrogen in that position.

cox
®\C/ .
& \cHericn)
Scheme 12

Although the method could also serve to provide 5,5,
disubstituted derivatives (Scheme 12), in practice the method
has been used to prepare C-unsubstituted or 4,4-disubstituted

74

pyrazolidinones; only one reference'" reports the synthesis of

a 5-methyl derivative.

16.75-7  have used this

Bellasio, Testa and coworkers
reaction (X = Cl) extensively to prepare 4,4-disubstituted
pyrazolidinones. Concerning the orientation of the reaction,
the most nucleophilic nitrogen, i.e. the one removed from the
phenyl in phenylhydrazine and from the acyl in hydrazides
(see section I.3), reacts with the acyl chloride to yield a
hydrazide, which has been isolated 1in some cases. The
pyrazolidinone results from the reaction of the less
nucleophilic nitrogen with the CH,Br or CH,Cl group. In this

way, compounds 32, 33 and 34 have been prepared.nﬂn1“n

0 R (o] R (0] R

\)—Tﬁ ! Rl \ Rl
HN\N R%> \N] e \Nj

| | .

Ph CoR3 ‘-’J§o

32 33 34

The reaction of hydrazine with f-chloropropionyl
chloride yields, depending on the cyclization orientation,
pyrazolo[1l,2-a)lpyrazoles 35 (compare with Scheme 10) or N,N’-

bisazetidin-2-ones.”
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o)
R 1 OXR s
A/ N R!

Ry ,00C  Nowg R\ /CO-NH-NH-CO_ R / 0

C — C C\

RY \cHyC1 RY Newgar  aicHy RN f o
R R
R»CN_N&R‘

This method has been successfully used with hydrazobenzene
(1,2-diphenylpyrazolidin~3-ones) ,7”'79 with heterocyclic
hydrazines and with pyrazolidinones.73 Esters (X = OEt) and
acids (X = OH, Scheme 12) can also be used. Thus,
pyrazolidines were obtained by the reaction of hydrazine with
B-bromopropionic esters’™ or with B-chloropropionic acid.® 1n
this last case, an intermediate hydrazine was isolated.

,COH COMe o
1) NoHg , NaOH 7, A
CHp —» CHp —_— Hel
NcHpel 2V MeOH . HCl — Nopo NHNH,, HCI N N
H
10

This method provided also an access to betaines 4 and to
azomethineimines 5. The betaines 4 are simply obtained using
1,1-disubstituted hydrazines (1,1-dimethyl, 1,1-diethyl and
l-aminopiperidine) .0 The cyclization of B-chloro-
propionylhydrazone of propiophenone yields 36 using sodium

hydride in benzene. &1

Ph
Q 0
CO-NH-N=C C(Me),Br Me
/ \pp  NaH - NaHgq Me Me
CHp — -N( 0=C_ RN &
e
CHaCl ] C(Me)zBr H
c
Ph” “ph 37
36

The much less studied pyrazolidin-4-ones 37 can be prepared

by reacting 1,3-dibromopropanones and hydrazine.82
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5. Miscellaneous

It is worth reporting here the first synthesis of a
chiral pyrazolidin-3-one, 38. Although it uses a -
hydroxyester and, for this reason, 1is related to the
preceding section, it deserves special mention®

ref. 223).

(see also

o]

QH QH Fac-C” OH
AN
RCONH N2H4  RCONH SEt RCONH
0
/
COoMe CONHNHo CONHNH-C
“CF4
DEAD | PhgP
RCONH COCF3
38 RCONH INH NaOH \C/N/
NH NH
o] o]

Compound 38 is a key intermediate in the synthesis by the
Lilly group of bicyclic pyrazolidinone antibacterial agents
(section IV.2).

The reaction of azodicarbonyl compounds with some enones

84 and 40%  were

yields pyrazolidin-4-ones. Compounds 39
prepared in this fashion. It is not known if the reaction is
general and could be used to synthesize simpler compounds.
(o] o]
N

o
Ac, Ac
R
PhX—
N=N Ph/ P -~ >=< N—N
_—
R&}O R/S)to OJ\ %O 04\ )to
Ph Ph

40
This section dealing with the synthesis of pyrazolidinones
will conclude with the best and most efficient methods to
obtain pyrazolidin-3-ones substituted at position 1 with an

sp3 carbon:

i) the hydrogenation of azomethinimines (section II.4.Db)
with or without their isolation. Compounds 41 may be obtained
from reduction of a mixture of equimolar amounts of an N- of
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unsubstituted pyrazolidin-3-one and a —carbonyl compound
(aldehydes including formaldehyde, ketones, Kketocarbonic

acids and monosaccharides but not ArcCoOR).

3
R R4 Hy Rr3 R4
l ‘ (Pt ; Pd)MeOH, r.t. J | U
+N 1 ’ ’ N R
7/« ,R o N ‘2
0" >N \?/ N ?\““Rz
R2 H

ii) the hydrogenation of the corresponding imines and
subsequent hydrolysis of the amino derivatives 42 (section
I.1).

3 R4 R3 R4
Rj\_( Hp (Ph ; Pd) ]\—f )
d —_— R —» 41
+Ny R N
HoN \N/ %c/ MeOH , r.t. HoN \N/ \Cl',”Rz
|, |
HSO4 R 42 H

In this case the reaction also works with ArCoOR.
iii) the Grignard reaction of azomethineimines (section
IT.4.b) yields compounds 43.

3 R4 R3 R4
R R-MgX
_—
N THF o N ,R1
1Y) N/ \\(l:/R u/ \EumRz
2
R 43

(R = alkyl, aryl or aralkyl)
II. REACTIVITY
1. Transformation into Other Pyrazole Derivatives
a. Reduction
Reduction of pyrazolidin-3-ones has been reported by
several authors. The most common result is the formation of
pyrazolidines (c=0 - CH,). Thus, N-unsubstituted,*® N-

d’53,86

monosubstitute and N,N’-disubstituted pyrazolidin-3-

ones14,76,78,87,88

yield the corresponding ©pyrazolidines on
treatment with 1lithium aluminium hydride. The same reagent
13,15

' In

some cases, the reduction stops at the 3-hydroxypyrazolidine

transforms pyrazolidin-3-thiones into pyrazolidines.

level which, in some cases, can be isolated®® and others
dehydrated to a A% or a As-pyrazoline.”'”‘ A detailed

discussion of the mechanism of reduction of pyrazolidinones

292



10: 02 27 January 2011

Downl oaded At:

THE CHEMISTRY OF PYRAZOLIDINONES. A REVIEW

and pyrazolidones by LAH is to be found in references 12 and
90. Grignard reagents converted N,N’-disubstituted
pyrazolidin-3-ones into 3-R A3-pyrazolines.®”’ Sodium boro-

hydride reduced pyrazolidin-4-ones into 4-hydroxy-
pyrazolidines.nﬂz
0 HO H
EZL/N ~g _NeBHa Zg\/N ~E
N ~E N E

b. Oxidation

Oxidation of 1-substituted pyrazolidin-3-ones into 1-
substituted-3-hydroxypyrazoles -which is at the origin of
the properties of phenidone 1- is a common and much studied
reaction. The electrochemical oxidation of phenidone and its

93-99

derivatives has been described several times; a series of

1,100°102 ostablished the mechanism of the

papers by Bellamy et al
oxidation. When position 4 or 5 are disubstituted, thus
preventing the oxidation to pyrazoles, dimers are usually
7 Mno,,™ K,Fe(CN),,'™

In each instance, the

formed. Chemical oxidants include CusSoO,,
% Hgo,'" Fecl,,'” Br,, '®'% 108, 110

experiments were carried out with 1l-substituted pyrazolidin-

and I,.

3-ones, the only exception was compound 44 which, on

oxidation, gave a pyrazolinone.l‘7

j cuso4 T_;L }—I a——I

44 45 46

When the substituent is an alkyl group, in some cases the
+

oxidation leads to an azomethineimine (N-CHRR’->N=CRR’).'%:"0

The use of bromine as the oxidizing agent gave brominated

108,110

pyrazoles as side-products, and if the formation of

aromatic pyrazoles is prevented by disubstitution at position

d4.'% oxidation of 2-

23,111

4, 5,5’-1linked dimers are obtaine
substituted pyrazolidin-3-ones yields pyrazolinones.

In some cases, oxidation of N,N’-unsubstituted
pyrazolidinones takes place between both nitrogen atoms. In
the case of pyrazolidin-3-ones, the intermediate zf-pyrazolin—
3-one 45 was not isolable (neither using yellow mercuric
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"2 nor lead tetraacetate“) and the reaction yielded

oxide
olefins by loss of nitrogen and carbon monoxide. Manganese
dioxide converted pyrazolidin-4-ones, such as 37, into Al-
pyrazolin-4-ones 46.%

c. Other Reactions of the Carbonyl Group

The carbonyl group of pyrazolidin-4-ones 1is very
reactive. It adds methanol and water very rapidly.22 The

corresponding readily available acetals are completely inert
toward hydrolysis (section I.1, formulae 16 and 17).2'%31.3
Phosphorus pentasulfide (P,S,,) transforms pyrazolidin-3-ones

113

into the corresponding thiones. Lawesson’s reagent [2,4-

bis(4-methoxyphenyl)-1,3-dithia-2,4~-diphosphetane~2,4-

114

disulfide] has been used in the sequence of reactions

depicted in Scheme 13.

4 4 5 4 5
R RS Lawessons’ reagent R R NaBHg4 R R
benzene > +N MeOH
I + I I S l N
(o) N/N§C/Ar S -/ \C/Al’ S N/ \CH A
H
Scheme 13

2, Reactions at the Ring
a. At Nitrogen

When both nitrogen atoms are free to react with
electrophiles, reaction always occurs at N, first in agreement
with the amidic character of N, and consistent with
theoretical calculations (section III.1). We will consider
first the cases where the reaction yields a neutral molecule.
N,N’-Unsubstituted pyrazolidin-3-ones such as pyrazolidinone
10, reacts with a wide variety of electrophiles to yield
compounds such as 47 where R' is NO,”' tosyl,23 acetyl,111
penzoyl,''"'"*1¢  conuph," c(nH)OR,"® csNH,,'7 2-thiazolyl,''®
CH,cO,R'® and CH,CH(CN)PO,R (Michael addition).'® Addition to
B-nitrostyrenes at room temperature yields the kinetically
controled N, substituted product (R1 = CHRCH,NO,). These
products rearrange on heating, via a retro-Michael reaction,
to the thermodynamically stable N, adducts (49, Iﬂ=H,
R°=CHRCH, NO,).'"
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0 (o)

RN HCO [
CONHR R Tos
47 48 49 50
In some cases, two substituents are introduced

simultaneously, as in 48."%

When N, is substituted, the
reaction takes place on N, to yield 49, where R’> can be an
alkyl group,zz"m'“5 a CH,NR, residue (Mannich reaction), %122 4
tosyl groupm’ or a CHR, substituent (Michael addition).
Compounds such as 50, obtained in two steps (first
tosylation, then alkylation), on treatment with sodium

807 M phis is an alternate

hydroxyde yielded pyrazolinones.
procedure to oxidation methods previously described (section
IT.1.b). The best method to prepare 2-alkylpyrazolidin-3-ones

uses the sequence described in Scheme 14.2%

o) 0,
H

|
COPh COPh
Scheme 14

In other cases, salts were obtained, but the reactivity
is the same. For instance, gquaternary salts 51 have been
prepared which on treatment with base yield the betaines

61,124 61
4.
$2 can also be obtained by quaternization on N, of 1,2-
“ IR and 'H NMR studies have
been useful in determining that protonation of the

Betaines can be alkylated on N, (Scheme 15).° Compounds

disubstituted pyrazolidin-3-ones.

pyrazolidinones occurred on N,.%%'®
\}_j Q o}
N ] > N
- \;i R~ \ﬁ X-
2 \ /A
" 7 R g’ 'R
51 4 52

Scheme 15
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Another very characteristic reaction of N,N’-
unsubstituted pyrazolidin-3-ones is the formation of
azomethineimines S by reaction with carbonyl compounds.
Discovered by Godtfredsen and Vangedal,‘7 this reaction has

37,80,110,126-128  4nq  constitutes an

been studied intensively.
important step in the Lilly synthesis of antibacterial agents
from 38 (sections II.5 and 1v.2) .9 " Ege et al.®?B% studied
the reaction of 2-substituted pyrazolidin-3-ones with
dimethyl acetylenedicarboxylate (Scheme 16). Depending on the

nature of RZ, 1,2-diazepin-5-ones or Michael adducts were

obtained.
Q Q Q
E~-C=C-E
2/N g \ * 2’“\
~
" \ E ~NH R 0
N
H | H%E
R2
E
Scheme 16
2~-Phenylpyrazolidin-3-ones behave like cyclic
phenylhydrazines in the Fisher indole synthesis;135 compounds

53 and 54 have been prepared in this fashion.

o
(CHp)y &— /N l —_—
Fh~ SN R
N H N NH

|
COCH2CH(RINH, o R

53 54

b. At Carbon

4,5-Diphenylpyrazolidin-3-one vyielded 3,4-diphenyl-4-~
chloropyrazolinone upon treatment with chlorine,136 but it is
not know if the chlorination occurred before or after the
oxidation step (section II.1.b). In a series of papers,
Kornet et al.%.8.9

explored the reactivity of the carbon atom
at position 4 of 1,2-disubstituted pyrazolidin-3-ones. 1In
basic medium, they obtained mono and dialkylated derivatives
55 and 56, ethylidene derivatives 57 via aldol condensation
and 4-acyl compounds 58 by reaction with esters.
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R
|
0 0 R 0 0 COR
7‘7“ W‘j% WC\R ‘?“/(
N N N N
R N R27 N R2” SN R2” \T
|!§1 R

55 56 57 58

2-Phenyl-5-methylpyrazolidin-3-one gives a novel spiro-
epoxide 59 on irradiation in acetone; the isomeric 2-phenyl-
4-methylpyrazolidin-3-one undergoes oxidative dimerization to

59 60

3.

Ring opening between N, and C; of pyrazolidin-3-ones is
the reverse reaction of synthesis from «,B8-unsaturated acids

and hydrazines (section 1I,3. Scheme 7). Thus, alkaline
hydrolysis of 1-substituted'™ or 2-substituted derivatives'
leads to fB-hydrazinoacids 61 (R1 or R® = H). Analogously,
betaines 4 yield acrylic hydrazides 62 on heating by retro
Michael addition (N;-C; bond rupture)>%67:139,
R4
R4
HOzC——/[ Oﬁ/&
CH
H~ 2
’ N N
2 i ~ >N
R al H /A
Me Me
61 62

Like in fB-lactam antibiotics, the alkaline ring opening of
pyrazolidin-3-ones may be related to their antibacterial

140

activity (section 1IV.2). Another example of N,-C; bond

breaking is observed when compound 11 is treated with NBs. "
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QA H

@C‘: :} (ECI-CH CHa=COH CNQ
~N N

H %

1 63 64

The only reported case of bond rupture between N, and N, is
the synthesis of 1,5-diazacyclooctanes 64 by sodium/liquid
ammonia reduction of compounds 35.78

An important aspect of the reactivity of pyrazolidin-3-
ones is their ring contraction to f-lactams. Discovered by
Eg’e,"’1 the photochemical rearrangement of 2-phenyl
pyrazolidinones produced the first examples of an N-

aminoazetidin-2-one 65. "2

N Me
NHPh NH2
65 66

A series of papers by Johnson and Hatch extended considerably
the reaction: to other substituents at position 2, especially

W15 t5 1-substituted pyrazolidin-3-ones' or,

acyl dgroups,
even to unsubstituted derivatives (formation of the N-amino
derivative 66).' A1l these articles concern photochemical
reactions, but in their last publication,' they use a

chemical procedure (Scheme 17).

pd
Q r4 0 r? Q R4
\}j- Mst SO2ONHy HgO .
—_— —_— —

HN CH,CI N N °

NN RS 2~12 H2N’ \ri‘ RS N/ N RS l;l

& R! R Rl
Scheme 17

4. Reactions of Substituents

a. Pyrazolidinones

i) on Nitrogen
The most interesting reaction of substituents on

nitrogen is the so-called Wawzonek rearrangement of betaines.
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Discovered by Wadsworth®> with 67, it was extended

148

subsequently to other N-benzyl and N-allyl (or cinnamyl)

substituents. 47150
o] Me Q Me 0 0
197°C
_—’ N
N+ N AN 2N
P PhHZC” "N™ pncH=cH-CHy | HpCzCH-CH N
Me  CHoPh Me Me Ph Me
67 68 69 70

The formation of products of [1,2]) and [3,2)]) rearrangement,
69 and 70 respectively, has been observed with cinnamyl

149

betaines. The (3,2)] derivative is formed by an

intramolecular mechanism, whereas the mechanism of formation
of the [1,2] product, 68, is entirely radical in nature.'®#
Ring closure involving both N-substituents leads to bicyclic
[5,5) and [5,6] hydrazines.??
ii) on oxygen

In addition to N-alkylation (section 1II.2.a) and C-
alkylation (section II.2.b) is O-alkylation of pyrazolidin-3-
ones. Several groups have been introduced: tetra-0O-acetyl-a-
D-glucopyranosyl,151 benzyl,152 CH,CO,R and similar groups,71 and
propargyl.153 In some cases, the reaction is regio-

.12 jn others the N- and the O-substituted
71,153

selective,
products are formed simultaneously.
b. Azomethineimines
i) Cleavage of the :§=Ci Bond
The inverse reaction of formation of azomethineimines
(section I1.2.a) has been observed; hydrolysis of
azomethineimines yields the pyrazolidinone and the carbonyl
compound.121
ii) Reduction of the jﬁ=c( Bond
As was summarized earlier (section I.5), one of the best
methods for the preparation of 1-alkyl (or aralkyl)
pyrazolidin-3-ones 41 is the reduction of azomethineimines. A
series of papers has been devoted to this reduction. Most
examples concern catalytic hydrogenation over platinum or

26,27,126,127,154

palladium, although sodium borohydride is equally

efficient® (see also Scheme 13). Grignard reagents introduce
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an alkyl, benzyl or aryl residue on the N-C carbon (section
1.5).""
iii) Dorn Rearrangement
In basic medium, azomethineimines rearrange to 3-

hydroxypyrazoles (Dorn rearrangement).m'110
0\}_:[“4 B- -0 R4 W 1o R4
-N_+ g5 J +;J: 5 J I 5
N N7 R \,Iq R
Il |
(o] C CuuR
R” R R” ~NR N

The mechanism has been investigated using deuterium labelling

% The method allows the preparation of 3-

experiments.1
hydroxypyrazoles (pyrazolin-3-ones) in a one-pot procedure
from substituted a,B8-unsaturated esters.
iv) Photochemistry
One last aspect of the chemistry of azomethineimines
concerns their photochemical behaviour. The reaction, first

studied by Schulz and West™®'! and then by Tomaschewski and

Geissler,"’z"166 can be summarized as shown in Scheme 18.
Q Q Q
hv MeOH
N, P E——— NI | _— Me0: I
N A SN N
1] R HN
/c\ R
R R R R
Scheme 18

In some cases, the azomethineimine dimerizes (section II.S)161

and if the irradiation is carried out in the presence of
oxygen and a sensitizer, fragmentation occurs
(photooxidation).ﬁ9

5. Dipolar Cycloadditions of Azomethineimines

a. Dimerization

The dimerization of azomethineimines 5'"*

and the proof
that the dimer is "mirror symmetric" 71a and not
centrosymmetric 71b has shed light on the general problem of
the dimerization of 1,3-dipoles.“n1“
called ADD-ADD-EL (addition-addition-elimination), has been

invoked to explain this unusual result.'®

A three step mechanisnm,
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(0] 0 (o]
-—h— _
N -N_ + R N
Il
u 5
(o]
71b R=Ph, CgHgq-OMe - 4 71a

b. Reaction with CX Double and Triple Bonds
The 1,3-dipolar character of azomethinimines is

exemplified in their reactions with double and triple bonds,

to yield azapentalene derivatives. Discovered in

106,121,169-171

Germany, Jungheim and his group made use of this

chemistry in the synthesis of antibacterial agents (section
Iv.2) . 129,130,131, 172174

4[ N i R N R N

o - R o N 0 s s R

N R N :ER N R 07 N \'<R
R R2 o"| N - S

Rl Rl
72 73 74 75

Conjugated triple bonds (generally R' = R = ester) lead to

106,129,130,172-174

derivatives of pyrazolo[l,2-a]pyrazole 72, whereas

double bonds produce the corresponding dihydro derivatives
73169170 (for the mechanism and stereochemistry see ref 171).
1

and N-

(alkoxycarbonylmethylthio) phthalimides,™ respectively. When

Compounds 74 and 75 were prepared from isocyanates12

this review was nearly completed, the reaction of azomethine-

imines with benzyl bromide was described. %%

The main products
were a head-to-head dimer similar to 7la, a ring-opened hydra-
zone and the l-benzyl and 1, 2-dibenzylpyrazolidinones.
III. PHYSICOCHEMICAL PROPERTIES AND STRUCTURE
1. Theoretical Methods

Only two papers deal specifically with theoretical
calculations on pyrazolidinones 2-5, one of which had its
origin in the preparation of this review. The first dealt
with semi-empirical calculations (MINDO/3 and CNDO/2) of 81
(all substituents equal to H); the authors noted the

acceptable geometry obtained by MINDO/3 and the fact that the
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charges obtained by CNDO/2 correspond to a polymethine type
alternation.'” Recently,176 we have used INDO and AM1 methods
to study the following seven molecules.

H}j \?_j “’ﬁ “j*_j Y—) —N+ (j\i\ﬁj

/ \ H/ \H I
H S
76 10 77 78 79 80 81

The AM1 geometries are 1in reasonable agreement with the

available X-ray determinations (section III.2.a), and the
INDO energies correctly describe the tautomeric equilibria
76 == 10 and 78 <> 79 (N,-protonation, section II.2.a). Total
charges (CNDO/2) in connection with ¢  chemical shifts
(section III.2.b, Scheme 20, compounds 96)177 and bond orders
(CNDO/2) in connection with bond 1lengths (section III.2.a,
Scheme 18, compound 83) have been discussed.'™
2. Structural Methods
a. X-Ray Diffraction

A surprisingly large number of structures of pyrazoli-
dinones have been determined by X-ray diffraction as a result
of the effort of two main groups, that of Kulpe, Seidel and
Geisler (six structures; two more, concerning dimers 71a, are
in print) and that of Jungheim and his group (three
structures) (Scheme 19). From this data, it is possible to
evolve a reasonably good image of pyrazolidinones 2, 3 and 5
(no data is available on betaines 4).

Cl
N Me 5| -Me N
NN Me N\N Me H” NN
d SO
2
g2 8378

Ny: sp3 puckered conforma - 1179
2 independent tion (Cs out of plane) half - chair
molecules (N~-H o
intramolecu-
lar H bonds)
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o]
R
N R
0 RCONH | COR N—N
v A N
[N~ nceHyy 0 COaR’ 0"\ y~ 0
H 1
85129,130 Ph
4085
three s'tructures almost planar
CN Conly figures) (twist envelope)
84166 180
trans - exo

stereochemistry

-N |<R
+
\Tl R

|
C

S

X= NOy , RzH , 8618

le
/\j
44

O=

0 NH
&

X=Cl, R= Me, 87182

183 8o!84 90185
X@=OMe ,R=H , 88 2 independent
molecules
Scheme 19
1.22 1.20 1.23
Q.52 \, 0 0150
1 / 147 1.36 11.5
“Ni\ K l1.54 N J1se N+ 0
NG 149 €p7. N \a6 ,\INS,,2'\1.51
144 | 1.43 l ) (_!’ ¥-1.30
R” 6 NH
envelope almost planar
slight envelope
2 3 8

Azomethineimines 5 have been discussed in terms of a
=== ‘tzg-_form.m However, the .N=c{ is practically
a Csz-N double bond'® and the N-C=0 part is nearly identical
to that of 2; only a definite shortening of the N-N bond
length is observed. The configuration of the :?€-=C\’ bond is

always 2.
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Another interesting aspect of the structure of
azomethineimines 5 is the existence of relatively strong
intermolecular hydrogen bonds between the C,-H and either the
carbonyl oxygen (compounds 86, 87 and 88) or the negatively
charged nitrogen atom (compounds 89 and 90) .18

b. NMR Spectroscopy

Pyrazolidinones are usually characterized by 'H NMR*? and
more recently by Be NMR. For this reason there is a large
amount of data, but very few publications dealing
specifically with the NMR behavior of these compounds. The
most significant publication studied the nitrogen inversion
of pyrazolidin-3-ones by 'H-NMR.?®* Even if the phenomenon is
apparent on the cyclic protons of l1-methyl-2-phenyl-
pyrazolidin-3-one 26 (R = R' = H), the investigation is more
easily carried out on the methylene protons of N-benzyl
derivatives. A series of ten compounds (l-benzyl, 2-benzyl
and 1,2-dibenzyl) were studied at different temperatures and
the activation energy corresponding to the inversion of the
substituent at position 1 determined (the substituent at
position 2 is nearly planar). Two of the 3-pyrazolidinones,

1,5,5-trimethyl-2-benzylpyrazolidin-3-one 91 and 1,2~
dibenzylpyrazolidin-3-one 92 are depicted below.
5=076 o @ SA =4.31
H3C/U\ J 9 _CHaPh 3B =4.97
! 'N/ Cw,, Sa=4a8 N JAB=16Hz
N H $B=4.87 N
H3€‘ 6H3 S8=14.5Hz éHzPh 3A=3.82
§=1.23 38=4.07
JAB=13Hz
91 (Acetone -dg , - 93°C) 92 (Acetone -dg , -81°C)

The anisochronism of methylene protons of the CH,Ph
substituent is observed at room temperature when there is a
stereogenic center (monosubstitution at position 4 or 5).%
This and the shielding of the 5-methyl substituent by the
phenyl ring has been observed by other authors.'
Conformational analysis using Karplus type relationships has

been performed on pyrazolidin-3—ones.187
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The stereochemistry of the exocyclic double bond of
azomethineimines has been studied by Geissler et al.'® Using
the influence of the aromatic substituent on the methine
proton, a conformation consistent with the X-ray structures
(compounds 86~90, Scheme 18) was deduced. The same authors'®
studied the exo-endo stereochemistry of bicyclic compounds 84
(and related structures) using ring current effects and
lanthanide induced shifts. Here also these methods lead to an
exo structure, which was definitely established 1later by

crystallography (Scheme 18).

CN

nC6H11

Carbon-13 chemical shifts of several pyrazolidinones are
available. Some representative compounds are gathered in
Scheme 20.

178.0 178.0 174.0 173.5 184.3
o) o 0 o o
4 4 \}’/jaon \?’/j 30.5 \?—’/729.2
HN N -
HN_ HN_ WL HN__Jag.0 N S 574
N N N
H H 131.8-
62.3 70.4 N @/ \H
N
R
93145 0 4145 172 9572 96177
(CDCl3) (CDClg) (DMSO-dg) (DMSO-dg) (DMSO-dg)
Scheme 20

The four diastereoisomers of formula 97 have different
¢ chemical shifts (the C=0 appears between 168 and 175

ppm) . 17°
dimers, head-to-tail 71b and head-to-head 71a isomers.

A very interesting result concerns azomethineimine
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o 303 44.8 296 45.9
170. 6\ 75 6 166.7 91.2
N Ph = ¥ ph

6

NN /k \rph Oph/f|< er

I i 62.2 ;—]

0]
97 71b 71a

! put isomer 71a

The first one exhibits a normal spectrum,
shows two very different central carbons (averaged value,
76.7 ppm, near that of 71b). Moreover, the ortho and meta
carbons of the phenyl at C, are anisochronous ( AG' of the

'U’“ suggesting an equatorial

p-methoxy isomer = 16.3 kcal.mol
position on the hexahydrotetrazine ring.

c. UV_and IR Spectroscopies

The electronic spectra of 1-aryl and 2-arylpyrazolidin-
3-ones have been studied with regard to the problem of
protonation (section II.2.a). The 1l-aryl isomers absorb at
245-250 nm with a shoulder at 285 nm whereas 2-
2 The
absorption of azomethineimines, as 96 was examined in

arylpyrazolidinones show a single maximum at 265-270 nm.

connection with their photochemistry (section II.4.b.iv). "6
Most infrared studies of pyrazolidinones deal with the
carbonyl absorption. Scheme 21 illustrates the most common

cases.

@/m b H/\i\ﬁjx— @jtﬁjx-
) R d o

@/\H

1685 - 1710 ¢m=! 1730 - 1750 cm-1 1730 - 1735 cm—1 1740 = cm-1
refs 42,125,189 refs 42 ,125 ref 70 ref 42
(o} o) 0

™ SN N @/N\N:

d e b

1580 cm-1 1655 ~ 1685 cm-1 1750 cm~1
refs 52,190 refs 27,191~-193 ref 19
Scheme 21
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Association in pyrazolidin-3-ones plays an important role on
the C=0 frequency when there is an hydrogen atom at position
2. The case of azomethineimines has been the only
7

the

assignments of C=0 and C=N (now at 1600-1616 cmq) were
3

controversial one, since in the first publication®

inverted.'"' The most recent publication on this topic'
contains much information about solvent and substituent
effects on the C=0 band.
d. Mass Spectrometry

No systematic study has been published on the behavior
of pyrazolidinones under electron impact, although the method
has been used to characterize these compounds.nJ‘iwé
e. Others

In azomethineimines such as 96 where differences of
conformation about the C-aryl bond exist between the solid
state (X-Ray, section III.2.a) and in solution (UV, section
IIT.2.c) photoacoustic spectroscopy proved useful to detect
these conformational changes.w‘
3. Tautomerism

Pyrazolidin-3-ones, cyclic hydrazides, and pyrazolidin-
4-ones, cyclic ketones, exist in the oxo form, as all
structural methods discussed before amply support.
IV. APPLICATIONS AND IMPORTANT COMPOUNDS
1. Phenidone and Derivatives

It is not commonly found that a compound such as
phenidone 1 possesses important applications for both its
biological properties and its industrial uses in photography.
Its strong reducing ©properties (section II.1.b) are

195.1% which have not been improved

responsible for its uses,
significantly by substitution (mainly on the 4-position and
on the 1-phenyl substituent), Its photographic uses discovered
by Kendall" have been explored by most companies: Agfa-

Gevaert,198 Kodak,g"f"w"‘201 Fuji (4-methyl)202
203

and Konica (many
195,19 .4 the

These compounds are know as "super-additive

derivatives) as well as in Germany,m‘ Poland

Soviet Union.?”
developers" and are especially useful for cinema films. The
reaction responsible for their properties proceeds via

radical and radical ions to 1-aryl-3-hydroxypyrazoles.
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Reduction of Ag(I) and Pd(II) as well as complex formation
with Rh (III) have been explored.202%

In 1978, Blackwell reported for the first time that
phenidone inhibits both the cyclooxygenase (CO) and the
lipoxygenase (LO) pathways of arachidonic acid (AA)
metabolism.?® Since then, phenidone has become the standard
substance in AA metabolism. Among the most significant
publications on this topic, a review on anti-rheumatic drugs®®
contains a discusion on phenidone and a series of papers
published in 1989 shows the importance of phenidone as
inhibitor of 15-LO (the m-CF; derivative is also a potent
inhibitor),” of 5-L0%'0212 213

2. Other Important Pyrazolidinones

and of soybean LO.

We have already described the Lilly research on bicyclic

3

pyrazolidinone antibacterial agents.® Related bicyclic

structures 98 were claimed to have antibacterial effects.?™

Bayer patented compound 99 carrying pyrazolidinone residues.?"?
I__§r
N RICONHCHRCONH S.  Me o R O .
| HiNO2 Me iz R
N N N ' N R
o COoNa R” NN~ R NN
0 Ar’ | i
R
98 99

Compound 100, 1-(n-decyl)-pyrazolidin-3-one (BW357U) is a
potent, selective inhibitor of ~y-aminobutyrate amino-
transferase (GABA-T). BW357U produces marked anorexia in

216 Analogs of BW357U were synthesized.?' 2-

laboratory animals.
(n-Decyl) (or n-dodecyl)-3-pyrazolidinones 1l-acetic (or 1~

propionic) acids have antimicrobial activity due to their

surfactant properties.218
(o] (o] OH HN
HN l Ni EOH KN |
\rf Phe” N7 Me N
CioH21-n Me @\
CF3
100 101 102

Antipyrine 6 is metabolized to dihydrodiol 101 by the

219,220

epoxide-diol pathway. Closely related to phenidone is the
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compound BW755C 102 a very powerful LO and CO inhibitor,221

which is effective in vivo and has served as a model for
other iminopyrazolidines and pyrazolidinones.”
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