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THE CHEMISTRY OF
HETEROCYCLIC COMPOUNDS

The chemistry of heterocyclic compounds is one of the most complex
branches of organic chemistry. It is equally interesting for its theoreti-
cal implications, for the diversity of its synthetic procedures, and for
the physiological and industrial significance of heterocyclic compounds.

A field of such importance and intrinsic difficulty should be made as
readily accessible as possible, and the lack of a modern detailed and
comprehensive presentation of heterocyclic chemistry is therefore
keenly felt, It is the intention of the present series to fill this gap by
expert presentations of the various branches of heterocyclic chemistry.
The subdivisions have been designed to cover the field in its entirety
by monographs which reflect the importance and the interrelations of
the various compounds and accommodate the specific interests of the
authors,

Research Laboratories Arnold Weissberger
Eastman Kodak Company
Rochester, New York
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PREFACE

There have been some notable advances in recent years in the chemi-
stry of the pyrazole types of heterocycles. These have added to the
venerable background of available information on this heterocyclic
system and establish a position of considerable magnitude deserving
careful consideration. Recent reviews have had and will continue to
have an important role in presenting and correlating current develop-
ments and are regarded as properly supplemental to the purposes of
this volume. It is hoped that volumes such as this one and its companion
in this series (Volume 20) on Pyrazolones and Pyrazolidones will serve
their respective roles by collating the total background in the field in
reasonably modern terms. Accordingly, the objective of the authors and
assistant editor in compiling and evaluating the material to be included
in this volume has been to strive for completion rather than for either
up-to-the-minute inclusion of recent developments, which are to-day
readily available through the very highly efficient Chemical Abstracts
Service, or for critical elimination of reports thought to be less signifi-
cant at present. The user of the literature on heterocycles has to-day
available and therefore needs not so much another timely compilation
nor a critique of current activity as he needs a treatment of the total
literature for the period covering the transition from the classical
period {1890-1920) through the development of the modern period
(1905-1960). It is this need which it is hoped the present volume will
help fill.

Richard H. Wiley
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CHAPTER 1

INTRODUCTION

Pyrazole was first described by Buchner207 who obtained it by de-
carboxylation of pyrazole-3, 4, 5-tricarboxylic acid (1). Much of the
basic information about the chemistry of the pyrazole nucleus was
developed as a result of the interest in comparing the aromatic pro-
perties of the pyrazoles with those of benzene derivatives556:572 and

HOOC COOH
| i —— || U +3co,
HOOC~ N
H H
1

in early studies of the problem of the structure of benzene.2072 Since
then the studies of the pyrazoles have centered principally about struc-
tural problems arising from the tautomerism existing in the N-unsub-
stituted types and the isomerism of the N-substituted derivatives.54
Until recently the pyrazole ring was believed to be unknown in nature.
In 1954, however, the first natural pyrazole derivative was isolated

by Japanese workers393 who isolated 3-n-nonylpyrazole (2) from
Houttuynia Cordata (a plant of the "piperaceae" family from tropi-

cal Asia) and observed its antimicrobal activity. A pyrazolic amino
acid: levo-B-(1-pyrazolyl)alanine (3) has been isolated from water-
melon seeds (Citrullus Vulgaris).395,792,986 These are the only
naturally occurring pyrazole derivatives known at present and it is in~-
teresting to compare their rarity with the widespread occurrence in
nature of derivatives of the isomeric imidazole ring.

{CHy)gCHy
.y L

H

éﬂzcmm{z)coon
2 3



CHAPTER 2

TAUTOMERISM AND ISOMERISM

The pyrazole ring, like other nitrogen containing heterocycles, can be
represented by different tautomeric structures. Three tautomeric
forms can be written for unsubstituted pyrazole (1, 2, 3) and five (4,5,
6,7, 8) for compounds in which the two carbon atoms adjacent to nitro-
gens carry different substituents.

H
/]_____\ 2_.\ 3
H \
4 5 6

— R
7 8

Existence of forms 4 and 5 has been proved but evidence for the iso-

“pyrazole form (2, 6) and for the pyrazolenine form (3, 7, 8) is lacking.
They are apparently capable of existence only for those derivatives
carrying substituents in place of all four hydrogen atoms of the
nucleus.29,53,498,502 Such compounds often show a tendency to re-
arrange to yield true pyrazoles. This indicates that the isopyrazoles
and the pyrazolenines are less stable than the pyrazoles. The common
and important tautomerism encountered with pyrazoles is that between
the two pyrazole forms 4 and 5 and it is this which will be considered
in this chapter.

Hypotheses for the existence of tautomerism between 4 and 5 are
based on the following experimental evidence:

1. One of the more general synthetic approaches to the pyrazole
nucleus is the reaction between a hydrazine (10) and a S-dicarbonyl
compound (). When the g-dicarbony! compound is unsymmetrical (9,

R = R’) two isomeric pyrazole derivatives (11a and 11b) are usually
formedif a substitutedhydrazine (10, R” = H) is used. Only a single com-
poundis obtained from hydrazine itself (10, R” = H),53,63,547,581,787,846

4



Tautomerism and Isomerism

R R’
— 7 [/ — 1 + | I
—CO— CO—R R”"—NH~—NH; —m—>
R—CO—CH, + 2 R’|N/N R/[N)
}LN }L" (1)

9 10
11a 11b
2. Two isomeric pyrazoles carrying the same substituent R on two

different nitrogen atoms (12 and 13) are converted to the same com-
pound (14) on elimination of the substituent R.87,88

X X
| —_—— [
Y N/N Y N/N
é{ H 14
12 /[
X X
— A
vy Ng Y \N/NH
13 14

3. Alkylation or arylation of an unsymmetrically substituted pyrazole
(15) yields normally two isomeric products (17 and 18).53,72,74,89,205
This establishes that the hydrogen atom can be bound to either nitrogen
atom in the parent molecule. Actually, when alkylation is carried out in
presence of a strong base, intermediate formation of a resonance
stabilized anion (16) can be hypothesized.

R’ R/
| —
N ..

H 15

15
+ OH™ + OH™
— ot _ gt

R/ R’
I —
R~ :l N

H

|

N7 RSN~
16 16
l+ R"X + R7X
R’ R’
- -
R N/N R \N/N\RN
7 17 18

4. Further evidence for the existence of tautomeric forms, which is of
value in establishing the predominant form for a given compound, is

5



Chapter 2

obtained from data on the exaltation of molecular refractions®9. This
method is useful only in special cases. It has been employed success-
fully for tautomeric pyrazoles with a phenyl substituent on the carbon
atom adjacent to nitrogen (position 3 or 5). The principle underlying
the method can be clearly understood from the illustrative data in
Table 1. Exaltation of the molecular refraction of three pairs of iso-
meric 1, 3, 5-tri-substituted pyrazoles are compared with the values of
the three corresponding tautomeric pyrazoles with no substituent on
position 1. The three compounds with a phenyl group at position 3 (com-
pounds A, C, and E) show greater exaltation than the corresponding 5-
phenyl-substituted compounds (G, H, and J). The conjugation of the ben-
zene ring with the nitrogen—carbon double bond creates a greater exal-
tation than is present in the corresponding 5-phenyl-substituted struc-
ture (G, H, and J). The conjugation of the benzene ring with the carbon-
nitrogen double bond creates a greater exaltation of the molecular re-
fraction than does conjugation with the carbon-carbon double bond. As
for pyrazoles B, D, and F in which, through tautomerism, the phenyl
ring can be either 3 or 5-substituted, exaltation of the molecular re-
fraction is nearer that of compounds B, C, and E (3-phenyl-substituted)
than it is to that of G, H, and J (5-phenyl-substituted). Thus, in the
tautomeric equilibrium, 3-phenyl-substituted forms appear to predomi-
nate.

It appears also that nuclear magnetic resonance studies of pyrazole
structures will establish the relative amounts of the tautomers present
under different conditions.395:1158-1161

The tautomerism encountered in unsubstituted pyrazoles has a coun-
terpart in the isomerism of substituted pyrazoles. There are four posi-
tions (three in pyrazolium salts) that can undergo substitution to give
various isomeric possibilities. Among these, the isomerism exclusively
dependent on position of a nitrogen-bound substituent (17 and 18 corres-
ponding to tautomers 4 and 5) is of particular interest. Such isomeric
pairs are formed on alkylation of tautomeric pyrazoles and in many of
the reactions leading to the pyrazole ring. It is to be noted that, for a
great many of the known pyrazoles formed in these reactions, isomeric
structural assignments for the product or products are uncertain and
that for many others, for which the literature arbitrarily assigns one
isomeric structure, definitive structural evidence is unavailable for
such an assignment.

The pairs of isomeric pyrazoles (17 and 18) obtained on alkylation of
tautomeric pyrazoles are often formed at different rates. The relative
rates of formation of the two products depend on the nature of the
parent compound, the alkylating agent, and the experimental conditions.
There seems to be no general rule for establishing which isomer is
formed preferentially. Many attempts have been made to assign struc-
tures to the products obtained by the action of a hydrazine on an un-
symmetrical 8-diketone in terms of a difference in "reactivity" of the
two carbonyl groups. Reactivity was evaluated through such reactions
as tendency to enolize and kinetics of oxime formation. Unfortunately,

6



TABLE 1

Exaltation of molecular refraction in pyrazoles

3-aryl structures:

CgHs—C—=N—NR~—

5-aryl structures:

CSHS-ﬁ—NR~N:

Exal- Exal-
Pyrazole tation Pyrazole tation
A 1-methyl-3-phenyl-5-carbethoxy 47
B 3(5)-phenyl-5(3)-carbethoxy 39 G  1-methyl-3-carbethoxy-5-phenyl 14
C 1, 5-dimethyl-3-phenyl 35
D 3(5)-methyl-5(3)-phenyl 30 H 1, 3-dimethyl-~5-phenyl 23
E  1-methyl-3-phenyl 36
F  3(5)-phenyl 31 J  1-methyl-5-phenyl 19

WSIISWOS] PUE WISTISWOINEL



Chapter 2

as will be illustrated in the chapter describing general synthetic pro-
cedures for the pyrazole ring, these "reactivity series" are of ques-
tionable value. Other factors involved in pyrazole formation such as
the nature of the hydrazine substituent and the experimental conditions
often determine which isomer is formed. Other procedures for pyra-
zole synthesis, such as the reaction of aliphatic diazo compounds with
unsymmetrical acetylene derivatives and the thermal decomposition of
pyrazolium salts, are similarly unreliable as bases for assignment of
alternative isomeric structures.

A brief survey of the methods that can be employed to assign correct
structures to isomeric pyrazoles obtained by these above procedures
appears therefore to be of great importance. A very useful method for
structural determination of isomeric alkyl- and acyl-pyrazoles is
based on decarboxylation of isomeric pyrazolecarboxylic acids.

COOH Br COOH

- CO + Bry
l =2 [ | — s ) | _ — > Esters
N N N
HsC -~ HsC - HsC -
3

! ) |
([:H CHs CH, 2)
19

é———— r Brag —-_—> No Esters
HOOC HOOC
CH3

&:3 (3)
20 22 24

The structures of these acids and esters can be deduced from compari-
son of esterification and hydrolysis rates. Differences in these rates
originate in different steric hindrance at the carboxylic functions of the
two isomeric molecules. As an example the isomeric pair: 1, 3- and

1, 5-dimethylpyrazoles (20 and 19) will be considered. The structure of
these two compounds was established by their formation from carboxy-
lic acids 22 and 21. The acids in turn were identified through bromina-
tion at position 4 and comparisons of the esterification behavior of the
bromo acids 24 and 23. Only isomer 21 yielded a bromo acid (23) that
could be esterified. Bromo acid 24 did not furnish the corresponding
esters due to the hindrance that the two adjacent substituents (methyl
and bromo) exert on the carboxylic group.?1:884 If a substituent is al-
ready present on position 4, as is the case for 1, 4, 5-trimethylpyrazole-
3-carboxylic acid and 1, 3, 4-trimethylpyrazole-5-carboxylic acid,
bromination is unnecessary and a comparison of the esterification
rates of the two acids can directly be made.%2 Similar observations can
be made about rates of hydrolysis of the corresponding esters,72

An alternative method available for structural determinations of this
kind is based on the conversion of pyrazolines of established struc-

8



Tautomerism and Isomerism

ture into pyrazoles by oxidation. Pyrazolines substituted by a phenyl
group on position 3 or 5 are specially suited for this reaction since
differences of exaltation of molecular refraction values between the
pairs of isomers are even greater than in the pyrazole series.69,70
Regardless of the nature of substituents on other positions 5-phenyl-
3-alkylpyrazolines can be easily distinguished from 3-phenyl-5-alkyl~
pyrazolines., Only mild oxidizing treatment is required to convert
pyrazolines into the corresponding pyrazoles and this apparently elimi-
nates the possibility of concurrent isomerization. The reverse pro-
cedure—reduction of pyrazoles of uncertain structure to pyrazolines
whose structures can be established by molar refraction—usually re-
quires such a drastic treatment that simultaneous isomerization reac-
tions are unavoidable.

Ultraviolet absorption characteristics have been used to assign iso-
meric structures. 1, 5-Diarylpyrazoles have been distinguished from
their 1, 3-isomers through examination of their u.v. absorption
spectra.1064 The 1, 5-isomers show less intense (€ = 1.46~1.53 x 104)
absorption bands at lower wavelengths (A = 241-255 my) than do the
1, 3-isomers (¢ = 1. 66-2. 25 X 104, x = 257-262 mu). This behavior is
probably related to steric hindrance which prevents coplanarity of the
phenyl groups in the 1, 5-derivatives.

The application of other physical methods of structure assignment
will undoubtedly clarify many of the unsolved problems of structure
assignment in these 1, 3- and 1, 5-isomeric structures. Certainly
nuclear magnetic resonance analyses and diffraction techniques, both
x-ray and electron, provide powerful tools for such studies, and exam-
ples of the use of NMR techniques have been reported,395,1158-1161



CHAPTER 3

SYNTHESES OF THE PYRAZOLE RING

I SYNTHESES FROM g-DICARBONYL COMPOUNDS AND THEIR
FUNCTIONAL DERIVATIVES (ETHERS, ENOL-ETHERS,
ACETALS, ENAMINES ETC.) WITH HYDRAZINE AND ITS
DERIVATIVES (EQ. 1, CH. 2).

The synthesis of pyrazoles from g-dicarbonyl compounds and hydra-
zines is the most widely used and the most general method for pyrazole
synthesis. A single pyrazole is obtained with a symmetrical g-dicar-
bonyl compound or with hydrazine itself. With other reactants two
isomeric pyrazoles can theoretically arise and sometimes both can be
isolated from the reaction mixture. Many structural and experimental
factors are involved in selective formation of one of the two isomeric
compounds but at present the controlling influence of such factors is
not fully understood. The formation of the pyrazole compound may take
place via different routes which only in some instances have been clear-
ly established. A further difficulty arises in the assignment of the
correct structure to the pyrazoles obtained. In many experiments the
structure of the products has not been established (e.g., refs. 148, 601,
963); in some cases it has been assigned without definitive experimental
evidence or on the strength of simple analogies;26,48:67:787 and in a
few examples it has been established on the ground of more or less
rigorous experimental evidence.48,63,67,72,92,250,254,377,384,385,862
The data from those studies in which definitive structural assignments
have been made will be considered in the following paragraphs.

The reaction of methylhydrazine with the sodium salt of formylace-
tone (1) gives a mixture of two isomeric pyrazoles (3 and 4)
(Eq. 4).559,868

CH;—CO—CH==CH—ONa CH3

TNH—
1 w CH3
| | + |l
HyC N

/N
N
sl | |
oH CH, CHj
3
0 3 4
N/
H
2

These are the same products which arise from methylation of 3-
methylpyrazole (2) by methyl iodide under various conditions.?2,548
Both the dimethylpyrazoles are liquids at room temperature (b.p. 136°

10
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and 150°) but they can easily be identified from their different boiling
points and from the melting points of the corresponding picrates (1377,
170°). Von Auwers70 assigned structure (3) to the isomer corresponding
to the lower-melting picrate on the ground that the same product was
obtained by oxidation with Pb1V of the pyrazoline (6), produced in turn
by reacting methylhydrazine with g-chloroethylmethylketone (5) (Eq. 5).
This conclusion is also in agreement with the data obtained from
studies of the esterification rates of the carboxylic acids (see "iso-
merism"). This evidence has been questioned by Burness238 who, from
the reaction of methylhydrazine with acetylacetaldehydedimethylacetal
(7), obtained the corresponding hydrazone (8). This was subsequently
cyclized in acidic medium to yield a dimethylpyrazole corresponding to
the high-melting picrate (Eq. 6). Further study will be required to
clarify this contradictory evidence.

CH CH
CH;—NH—NH 3 v 3
CH3;—CO—CH,—CH,C1 —2——— "2y i Lo i
e e
5 I I
Hs Hj
6 3
(5)

~OCHs CH,—NH—NH,

OCH;
CH;—CO—CH,—CH CHB—ﬁ:—CHE—CH/ 5

NOCH; i NOCHy
7 “\NH—CH,4
CH
— T 1 8
LA
b,
3 (6)

Benzoylacetone (9) reacts with phenylhydrazine to give a monophenyl-
hydrazone (10) (Eq. 7). As with other g-diketones no bis-phenylhydra-
zone is obtained. On heating or by treatment with acids or with
hydrogen chloride in pyridine, the phenylhydrazone is converted
to a single product the structure of which has been clearly estab-
lished92,390,391 a5 that of 3-methyl-1, 5-diphenylpyrazole (11)

(see page 12).

CgHs—NH——NH,
CgH5—CO—CH,—CO—CHy — > Csﬂs—Co—in ——

P
CeHs— NH—N" = CH,

9
10
CH,
N !
CeHg T/
Cellg
11 (7

11
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Other simple arylhydrazines (p-chlorophenylhydrazine,127 o-,m-,and
p-nitrophenylhydrazinel30) also give a single pyrazole. 2, 4-Dini-
trophenylhydrazine yields, however, a mixture of the two isomeric
pyrazoles which were separated and whose structure has been estab-
lished387 on the ground of the identity of one of them with the cycliza-
tion product from phenyl propargyl ketone phenylhydrazone. Methylhy-
drazine with benzoylacetone also yields two isomeric pyrazoles which
have been separated and their structures established.92 Acyl substitu-
ted hydrazines (12) with benzoylacetone usually yield an open-chain
hydrazone (13) which can be subsequently cyclized by phosphorus
oxychloride at 0°C. with formation (Eq. 8) of a 1-acyl substituted pyra-
zole (14a,b).67 Sometimes even at low temperatures the latter sub-
stance is obtained directly.

— CO—CHo—CO— N
CgHs—CO—CHy,—CO—CHgy Colls 2 14a

9 )
CeHg—CO—CH, CO—CHy
+ _— _
R—CO~— NH—NH, R—Cco—xH— iy F/CGHS
12 13 H,c7 Ny 14b
CO—CH,

(8)

The reaction of hydrazines with f-ketoaldehydes (a-hydroxymethy-
leneketones) appears to be more complex than the reaction with 8-
diketones. Hydroxymethyleneacetone (15) and phenylhydrazine yield,
in acetic acid solution, both of the two possible isomeric pyrazoles:
1-phenyl-3-methyl (16a) and 1-phenyl-5-methyl (16b).271,274 (Eq..9.)
From the reaction of hydroxymethyleneacetophenone with phenylhy-
drazine two phenylhydrazones have been isolated and on cyclization

CegHs
CHg—CO—CH==CHOH + CgHs—NH—NH, ——> +

15 ]
ch’[ N 16b

i
Cells (9)

these have been converted into the corresponding pyrazoles in diffe-
rent proportions according to reaction conditions;81,91 p-nitrophenyl-
hydrazine yielded instead a single p-nitrophenylhydrazone (17) and

12
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this on heating with acetic acid gave 1-p-nitrophenyl-5-phenylpyrazole
(18).81 (Eq. 10.) The bis-p-nitrophenylhydrazone (20) has been obtain-
ed from two molar equivalents of p-nitrophenylhydrazine and benzoyl-
oxymethyleneacetophenone (19) in propyl alcohol. Compound 20 upon
treatment with hydrochloric acid or simply by heating in ethanol was
converted into pyrazole (21) (Eq. 11).

oHs NH—NH, ﬁH—CHz-—CO—-CGHS ﬂ
o II" H5Ce SN
a —> NH e
QHOH Yo,
15 NO,
NOy 17 18
(10)
CeH CeHs
GHS _ 6%5 i
¥O NH NHg J:ZN—NH‘@—NOZ ‘ N/N
H + 2 —_— +H2 —_— SN
| q CH J
§ 1 7\ pZ
0—CO—CgHj NO, NNH NG, T
NO,
19 20 21
(11)

Several attempts have been made to devise methods for the selective
synthesis of one of the two possible isomeric pyrazoles through the use
of a functional derivative of the g-dicarbonyl compound. Among these
derivatives acetals of g-ketoaldehydes, enolethers, enolesters, ena-
mines and g-chlorovinyl ketones were employed. The enolethers (22)
and enolesters of hydroxymethyleneacetone, unlike the free oxoalde-
hyde, yield with phenylhydrazine, p-nitrophenylhydrazine, and methyl-
hydrazine a single isomer.72,238,789 (Eq, 12.) Acetals (23) derived
from the same $-oxoaldehyde238,382,788 and benzoyloxymethylene-
acetone (24)72,81,238 give either or both isomers with different hy-
drazines (Eq. 13). From g-chlorovinylketones (25,26) only a single
isomer is‘obtained (Eq. 14).581,787

Enamine derivatives (27, 28, 29) also show different behavior.81,92,151
(Egs. 15, 16, 17.)

These examples, which represent only a small part of the many that
can be found in literature, illustrate the difficulty in predicting the
structure of the resulting pyrazoles on the ground of any simple ana-

logy.
13
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+ p-0pN—CHy—NH—NH CHs

p- — 4

CHs— CO—CH==CH—0—R 2__¢ —= |
R = 3-Naphthyl

22 -
X
] =

OR + CHz;—NH—NH,
CH3-—CO—CH2—-CH/ |
“OR R = CpH;

+

23

NO,

14
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+ CgHs—NH—NH, [

CH3~—CO—CH=CH—0—CO0— CgH; _
* |
24 \\OQ/V C6H5
\CGH
4~
1V1.,\
N,
| |
N
H3C N7
(13)
NO,
+ Ar—NH—NH, —— CHs —CgHs
CHy—CO—CH=CHC1 ——— "% M 1 Ar =i
N —CgHy—NOy(p-)
ke
25
Celg
&
+ p-0yN—CgH~—NH—NH, N~
CsHs—CO'—CHZCHCl
28
NO, (14)
+ CgHg—NH—NH, ;
CgHs—CO—CH=CH—NH—CgH, P
HgCq™ SN~
27 | .
CeHs
(15)
+ CoHz—NH—NH, ; Cells
(CgHy—CO—CH=CH),==NH | !
-~
28 I
H
6415
(16)
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CH

+ CHz—NH— 3
Ceﬂs—?:CH——CO—CHS _3_¢> ’ JN
N{CzHr), HsCg I/

Hj
29 (17)
A further complicated case is presented by compounds of general
formula 30, in which R’ stands for a group, such as cyano or carbethoxy,
capable of reaction with hydrazinic systems.

R—CO—TH—CO—R”
R/

30

With such compounds the cyclization reaction with the hydrazine may
involve one cf the two carbonyl groups and the R’ group. Many of such
compounds have been studied and the course of the reaction is often
governed by experimental conditions. When R’ is cyano, formation of
4 -cyanopyrazoles has always been observed even though B8-ketonitriles
are normally known fo react with hydrazines to yield 5-aminopyra-
zoles. Also, the reaction between S-keto esters and hydrazines results
normally in formation of 5-pyrazolones. However,under favorable
experimental conditions a 5-alkoxypyrazole is also obtained along with
the pyrazolone.101,980 (Eq. 18) Apparently formation of pyrazole
ethers is favored by strong mineral acidic medium. Sometimes the
open-chain intermediate hydrazones (31) have been isolated.

R—CO—CH,—COOR’

B,,/sﬂ/““z 8,
/ o T~y
R T < R
-
R'OH + | /ll\ E l ‘N + Hy0
(6] 1'\j \l R/O/\T/
" &= "
R \ * / R
R—C—CH,—COOR’
N—NH—R"
31 (18)

Several examples of this reaction have been collected in Table 1.
. SYNTHESES FROM ACETYLENIC CARBONYL COMPOUNDS
WITH HYDRAZINE AND ITS DERIVATIVES.

The synthesis of pyrazoles from acetylenic carbonyl compounds
(Eq. 19) has not been widely employed because the starting materials

16
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TABLE 1

Reactants Products
R R H R
Ty gy
w T/N N
! !
B-Keto ester Hydrazine derivative R R' R” R" R R’ R”
CH,COCH,COOCH, NH,NH,"HCI H CH, H OCH, H CH, H
CH,COCH,COOCH, C gH, NHNH, CoH, CH, H OCH; CgH, CH, H
CH,COCH,COO0C, CoH NHNH, CeH, CH, H OC,H, C.H, CH, H
CH,COCH,CO0C  H, H5c20-©-NHNH2-HC1 @.Oczﬂs CH, H OC,H, O oc, CHy H
CH,COCH(CH,)COOCH,4 NH,NH,-HC1 H CH, CH, OCH, H CH, CH,
CH4COCH(CH,)COOCH, C gHNHNH,, CeH, CH, CH, OCH, CgH, CH, CH,
CH,RCOCH,CO0C, Hy H3CCONH—®NHNHZ ‘QNHCOCH3 CH; H OC,H; -@NHCOCH_; CH; H
CH,COCH(CH,)COOC, Hy C gH,; NHNH, CeH, CH, CH, OC,H, CH, CH, CH,
CH4COCH(CH4)COOC ,Hy cnacom-l%}mmﬂ2 ~<;>—m-lcocu-J CH; CH, OC,Hy —QNHCOCH3 CH; CH;
CH,COCH(CH,)COOC, H, CHaCO\ — O{C“ CH, CH, 0C,H, O,{C"“ CH, CH,
HSC/N “COCH3 \COCH,
CH,€6CH(C,H,)COOC ,Hy NH,NH,, HC1 H CH, C,H, OC,H; H CH, C,Hg
CH,COCH(C,H,)COOCH, NH,NH,, HC1 H CH, C,H, OCH, H CH, C,H,
CH,COCH(CH,CH,CH,)COOC,H; NH,NH, HCl H CH, C,H, OC,H, H CH, C,H,

Ref.

101
555

980

101
555

1091

981

1097

1097

101

101
101

Sury o10zBIAJ 9y} JO SasayIuig
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have not been readily available. Whenhydrazine itself is employedinthis
reaction, pyrazoles are produced directly and the intermediate open-chain
compounds (3, 4) have never beenisolated.34,65,123,195,746,747,748,749
When a substituted hydrazine is employed, the two isomeric pyrazoles
(5 and B) may-be formed. From the reaction (Eq. 19) between methyl-
hydrazine (2,R” = CH,) and phenylpropiolaldehyde (1,R = H,R' =
CgH;) a single pyrazole is produced and its structure has been estab-
lished as that of 1-methyl-5-phenylpyrazole (3,R =H,R = CeHs,

R” = CH,).88

R—CO—C=C—R’ + R"—NH—NH,

1 2
R—C—C=C—FR’ R—CO—CH=C—R/’
I 3 T 4
N—NH—R” R”——NH—NH

(19)

In this reaction formation of the methyihydrazone (3, R = H,R’' = CzH;,
R” = CHj) is apparently favored over addition of the hydrazine to the
triple bond. From the reaction of methylhydrazine (2, R” = CHy) with
4-phenyl-3-butyne-2-one (1, R = CH;, R’ = CzHjy) both isomeric pyra-
zoles were obtained with a greater yield of the 1, 5-dimethyl derivative
(6,R=R"=CH,, R'=C4H;).88 The reaction of phenylhydrazine or semi-
carbazide with phenylpropiolaldehyde (1, R=H,R =C 6H5) gives only the
hydrazone derivative (3) and not the corresponding pyrazoles.®2 This
has been attributed to the formation of a "{rans" form of the hydrazones
(3) which cannot cyclize. The reaction between 4-phenyl-3-butyne-2-
one (1, R = CgH;) and semicarbazide (2, R” = CO—NH,) also stops at
the semicarbazone stage.?2 There are, however, other examples of
phenylhydrazones and of semicarbazones of acetylenic carbonyl com-
pounds that are readily converted into the corresponding pyrazoles.1019
The reaction of 2, 4-dinitrophenylhydrazine with 1-phenyl-2-butyne-1-
one (tetrolophenone,1,R = C4H5, R’ = CH;) yielded at first the corres-
ponding 2, 4-dinitrophenylhydrazone which was subsequently cyclized

on heating in methanol solution in presence of sulfuric acid, to 1-(2,4-

18



Syntheses of the Pyrazole Ring

dinitrophenyl)-3-phenyl-5-methylpyrazole (5, R = C4Hs, R" = CH,,
R"=2,4-(0O,N),—C;H;—).468 The reaction between hydrazine and allene -
carbonyl compounds (7, 8), of which the following examples (Eq. 20)
have been described,180 also gives pyrazoles in a reaction which may
involve isomerization to the methylacetylene structure.

CHp==C==CH—CO—R + NH, ——>

(7, R = CoHg)
(8, R = n-CzH,) (20)

I. SYNTHESES BY RING CLOSURE AT THE 4, 5-POSITIONS.

The synthesis of pyrazoles from acylhydrazones of g-dicarbonyl com-
pounds is of interest in that it involves ring closure between carbon
atoms 4 and 5 of the pyrazole ring:

—cC

The few known examples of this reaction 82 include cyclization of some
1-aroyl-1-phenylhydrazones of S-ketoaldehydes (benzoylacetaldehyde
and p-toluylacetaldehyde) in the presence of alkaline agents (alcoholic
sodium hydroxide). (Eq. 21.)

CeHs— CO—CHz—-ﬁH ~H,0(0H™) CGHS_'CO)\—H
—i

N

HsCg i

C6H5—CO—N/
Cellp
(21)

The recently described?52 reaction of hydrazinoacetic esters with o~
dicarbonyl compounds also involves ring closure at the 4, 5-positions.
This reaction is based upon cyclization by alkaline alkoxides of the
monohydrazones (3) produced from the reaction of hydrazinoacetic (or

o -phenylhydrazino) esters (1) with 1, 2-diketones (2). When R" = R”

the structure of the product (4) is unequivocal; when unlike, two isomeric
products may be formed. (Eq. 22.)

OOR 0—R” R”—CO—C—R" R* R
T >ROOC—CH, N — |
CH,—N—NH,  CO—R” \;'q/ ROOC~"y

, L I
2 3 4
(22)
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The only unsymmetrical diketone utilized up to now has been acetyl-
benzoyl (2, R” = C4Hs, R” = CH;) in which the carbonyl adjacent to
methyl is known to be the more reactive and from which the 3-methyl-
pyrazole was obtained. Table 2 lists the known examples of this reac-
tion. Apparently the reaction is not applicable to o-ketoaldehydes.

Iv. SYNTHESES FROM 1, 2, 3-TRICARBONYL. COMPOUNDS AND
THEIR FUNCTIONAL DERIVATIVES WITH HYDRAZINE AND
ITS DERIVATIVES.

Compounds containing three adjoining carbonyl groups react with
hydrazine to yield 4-hydroxypyrazoles.911 Thus, pentane-2, 3, 4~trione
forms 4-hydroxy-3, 5-dimethylpyrazole. (Eq. 23.)

HO R
,  *+ NpHy4 PO NoHy I
R~—-CO0—C0—CQ0—R’ ——————> R—CO—CHOH—CO—R' ———m—> l
R SN

H(23)

The reaction requires a reduction, either of the triketone or of the
ketoisopyrazole and, since hydrazine does not usually function as a
reducing agent, further clarification of the course of the reaction is
desirable. Arylhydrazines behave differently to form 4-arylazopyra-
zoles,322 probably through osazones as intermediates. (Eq. 24.)

AN NE—CeHy

R—C—
R—C0—CO—CO—R’ + 2 CgHs—NH—NH, ——> || ~CO—FR’ —_—
N\ H
CeHs
N=N—CgH
R—C——C~—N=N-—CgHj R 655
—_— N \Cl/R' —_— r& \
SNH COH \T R’
sHs CeHsg

(24)

Intermediate formation of osazones is also probably involved in the
conversion of 2-arylazo-1, 3-diketones,50 2-chloro-1, 3-diketones,852
2, 2-dichloro-1, 3-diketones,50 1, 1, 3, 3-tetrachloroacetone,1072 and
di-isonitrosoacetone®34 to 4-arylazopyrazoles by reaction with aryl-
hydrazines.

V. SYNTHESES FROM a-HALOCARBONYL COMPOUNDS WITH
MONO- AND DI-THIOCARBOHYDRAZIDES.

The reaction of S-alkyl thiocarbohydrazides (2) with o -halocarbonyl
compounds (1) results in 3-alkylmercaptopyrazoles (4). (Eq. 25.) The
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TABLE 2

Reactants

Ultimate product

R”

RIII I)
a ~-dicarbonyl com-
N Hydrazino-acetic ester  pound R R’ R” R"” Ref.
(H CH, CH; COOCH,
1 NH,NHCH,COOCH, CH,COCOCH, | : 25 a
§ti CH, CH; COOH
H CH, CgH; COOCH,
2 NH,NHCOOCH, CH,COCOC H, { 25 a
H CH; CgH; COOH
(H C4Hs CgH; COOCH,
3 NH,NHCH,COOCH, CH,COCOC gH | 25 a
H C4H; CzH; COOH
_/CH,COOC,Hy (CeHls  CHz CgHs COOC,Hs
4 NH;—N{ CH,COCOC (H, \ 25 a
CeHs CzHy CH; CgH; COOH
/CH,COOC, H
5 NH,;—N{_ CgH,COCOC H CeH; CgHg CgH; COOH 25 a

CeHs
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reaction takes place with such a-halocarbonyl compounds as ethyl «-
chloroacetylacetate; ethyl a-chloroformyl acetate; or 3-chloroacetyl-
acetone and with either O-alkyl-monothiocarbohydrazides or S-alkyl-
dithiocarbohydrazides (2).913 The mechanism of this reaction is still
unknown. It probably involves formation of a 1, 3, 4-thiadiazine (3)
which later is desulfurized. (Eq. 25.)

R €1 HS~__-SR” s
' ~ R—C C—S—R"
P N —
o R—C_ N
P
R’ NH_RW IL/”
1 2
R SR”
- ‘ 1 + S
RSy
R!.///
4 (25)

In experiments162,913 with sodium dithiocarbazate the thiadiazine
derivative has been isolated and converted to the pyrazole in a separate
step by reaction with chloroacetic acid. (Eq. 26.)

CoH 00C—CHCL  H,N C2Hs00C SN g + c1—cH,—cooH
+ —_— 1 |
HyC—CO HN—CSSNa _C___NH (NaOH)
HeC” SN
H
5
CoH;000~, S~ ~S—CHy;—COOH
— £ —_—
ch/ N
H
C3H5—00C S—CH,—COOH
_ J IN + S
H3C N7
H (26)

The thiadiazine compound is probably stable in its "thiono" form (5).
Reaction with chloroacetic acid converts it into a derivative of the
tautomeric 2-mercapto-1, 3, 4-thiadiazine form which is unstable.
More recent studies162 have, however, shown the stability of the thia-
diazine ring to be related not only to the nature of substituents on posi-
tion 2 but also to that of those on position 6. For instance, the product
obtained by reacting desyl chloride (6) with S-methyldithiocarbohydrazide
(7) in presence of sodium ethoxide is a stable thiadiazine (8) which, on
heating with boiling glacial acetic acid, is converted to the pyrazole (9)
with loss of sulfur. (Eq. 27.)
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