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REACTIONS OF ACETYLENES WITH HYDRAZINES. A REVIEW
Wolfgang SUCROW

Laboratory of Organic Chemistry, University of Paderborn

Warburger <t. 100, D-4790 Paderborn, GERMANY

INTRODUCTION AND SCOPE OF THE REVIEW
The addition of hydrazines to acetylenic esters or to acetylene
dicarboxylic esters has recently been reviewed by George, Khetan and

1 and Baumgar‘th.za'C The purpose of this review is to focus on the

Gupta
structure of the primary addition products of hydrazines to acetylenic
compounds and on the subsequent products. Cycloaddition reactions to
acetylenic compounds will not be considered.

The addition of hydrazines is in practice restricted to triple bonds
bearing at least one acceptor group X. If the hydrazine adds through an
NHR-group, enehydrazines of type A will result, with the formation of two
diastereomers (E and Z) being possible. If the addition takes place

through an unsubstituted amino group, a tautomeric equilibrium between an

enehydrazine of form B and/or a hydrazone of form C may be established.

2
XC=CY + RNHN(Y, —— |

F23 P

|

X = acceptor group
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X X
2
XC=CY + HQN-N’R — HﬁH =
“R3 C C
Y~ \ﬁ-NR2R3 Y~ SNNRR?
B

HaC

X = acceptor group C

It seemed reasonable to discuss these two types separately and con-
sider the enehydrazines incapable of tautomerization (type A) first and
the others (type B/C) later. Most of the enehydrazines/hydrazones are
very labile compounds which should be handled with great care. In deep
freezers (- 300) they may, as a rule, be kept for some time without
degradation. |

Since a great number of the compounds discussed in this review are
prepared from dimethyl acetylene~dicarboxylate or methyl propiolate these

starting materials will be designed as DMAD and MP, respectively.

1. ENEHYDRAZINES INCAPABLE OF TAUTOMERIZATION
1. Enehydrazones

A prominent group of enehydrazine derivatives incapable of tauto-
merization is formed by the addition of hydrazones of type D to triple

bonds to yield the enehydrazones of type E.

Xa,
CH
XC=CY + R NH-N=C:2§ —
Y~ N-N=CRZR?
FQ‘

lo
{m

X = acceptor group

ok
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Most of the compounds described in the literature are derived mainly
from a large number of hydrazones and dimethyl acetylenedicarboxylate

(DMAD) or methyl propiolate (MP). Compounds 1 and 23’4 may serve as typi-

N N HOOLC M
'e g ¢
H” N-N=CRER3  H,CO,C” “N-N-CRZR3 R” N-N=CHPh
I] 3 2 |1 ]
R R CH,
1 2 3
a) Rl = R% = B3 = oH, a) R = H
b) Rl = CH R? = CHy R = H b) R = CO,CH,
¢) R = oy RE,RY = (cHy),

cal examples for enehydrazones derived from aliphatic hydrazines and 3 as

5,6 only one

representative of these derived from benzaldehyde hydrazones;
phenylhydrazone adduct (to DMAD) has been described.7

The configurations of the double bonds are E as is easily recognized
in the acrylic ester derivatives such as 1 and 3a from the J2’3 coupling
constants of 13—13.5 cps.4'6 Trisubstituted olefins as 2a-2c and 3b are
recognized as maleic ester derivatives by the chemical shifts of their
vinyl protons which, as a rule, do not differ much from those of H-2 of

the acrylic ester analogues; the additional ester group in the maleic

ester derivatives has 1ittle influence on the chemical shift. Compounds

la-2c have absorptions at & 4.4-4.9 ppm and 3a and 3b at about & 5. The

vinyl proton of a fumaric ester derivative would appear at lTower field
by at least 1 ppm.8’9
The exclusive formation of E-adducts resembles the predominant syn-

addition of amines to acetylenic esters.10 However, this was shown to be
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a consequence of thermodynamic control.11:12 Kinetic control led to con-
siderable amounts of anti-addition (Z-products) which under normal con-
ditions, rearranged in a secondary reaction to E-products which thus seem
to originate from syn-additions. In the case of addition of hydrazones,
no Z-adducts could be observed, not even in case where liquid products
were investigated without purification.

Ethynyl ketones have also been used to prepare the corresponding
enehydrazones.3’5 1-Butyn-3-one gave addition products 4a and 4b with a

number of hydrazones. The coupling constants of 4a and 4b, ranging from

0
Hic- &

Il
C
H NNN-CRRE R ON-NeCHPh
CHj CH,

5

a OCH\ _H

=0

O

|

12.5-13.5 cps, indicate an E-configuration about the C=C double bonds.

The same configuration is observed for the addition products of phenyl

3

ethynyl ketone and propiolaldehyde;” this is also probably true for the

products derived from dibenzoylacety]ene13 and phenylpropiolaldehyde
(e.g.é).3
Some enehydrazones were obtained by rearrangements of diaziridine

13 ethyl propiolate and 3,3-pentamethy-

14)

adducts to acetylenic compounds;
lenediaziridine gave adduct 6 {see also Ref. . 1-Methy1-3,3-pentamethy-
tenediaziridine adds through the more nucleophilic methyl-substituted

nitrogen to give the unstable zwitterion 7 which rearranges to the
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enehydrazone 8; 8 was also obtained from ethyl propiolate and cyclohexa-

none methylhydrazone. The configurations of 6 and 8 were established to

HC=CCO,C,Hg CoHs0,C C/H
NH C
NH H” SN-NH
s
- .
GHg0,¢ GHe0,C,
o Py | F
NH / \@_ 77\
— - HH3 c _N-NH H N~N
§
L. 7 -

be E by the coupling constants of 13 cps; 6 was, however, accompanied by
a small amount of the Z-isomer with a coupling constant of 8.5 cps.

With substrates such as diethyl acetylenedicarboxylate, dibenzoyl-
acetylene and hexafluoro-2-butyne, the rearrangement occurred even with

N-unsubstituted diaziridines (e.g. 9 independently prepared from

PhCO, _H

PhCOC=CCOPh + ><CH3 — . C
Cabs PhCO/C\N-N c s
H  CaHs

S

9T
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dibenzoylacetylene and 2-butanone hydrazone).13 Compound 9 might be ex-
pected to tautomerize to the hydrazone form but actually exhibits a vinyl

signal in the nmr.

2. Enehydrazines

Addition of methylhydrazine to DMAD in ether or methylene chloride
leads to the formation of the exceptional enehydrazine 193.15 As with 7,
the more nucleophilic methyl-substituted nitrogen adds to the triple bond.
The E-configuration suggested by the vinyl proton at 4.56 ppm was con-
firmed by other spectroscopic means such as X-ray crystal structure.16
The crystalline compound 10a is stable enough to be kept in deep freeze
for some weeks, but is very reactive otherwise giving a variety of pro-

ducts under mild conditions (see below). Compound 10a forms hydrazones

with carbonyl compounds, e.g. the above cited 3b with benzaldehyde and 2a

HCO,C, H HCOL H HiCOC, A
c c c
e:' j
HCOL™ hNH, H” ™ N-NH, R™ T N-NHCHy
CHR CHR CH3
10 1 12
a) R=H a) R=H a) R=H
b) R =Ph b) R = Ph b) R = C02CH3

with acetone;15 adduct 10b derived from benzylhydrazine behaves similar-
1y.17 Addition of methylhydrazine to MP gives 1la’® which could not be
purified, but adduct 11p*3

with benzylhydrazine is a sufficiently stable
crystalline compound (2-H 4.83 ppm, J = 13.5 cps). The symmetrical 1,2-
dimethylhydrazine forms the adducts 12a (J = 13 cps)18 and 12b (vinyl

15,18

proton at 4.47 ppm), both being 1iquids.
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There is no doubt that adduct 13a prepared by Diels and Reese in
193519 a1s0 has the E-configuration Tike 12b and this may also be true
for enehydrazines 13b-13d and lﬂgflﬁg}g_ZI; 13b was obtained in two
stereo(?)isomeric forms. Compounds 13b and 14a-1l4c are starting materials

for interesting cyclization reactions (see below).

HC0,L, N HiCO,CL A
I il
/&\ /R1 /C\
HyC0,C" NN H3C0,C” N-NH X
CHZF’h
13 1By
a) R'=H R% = CH,Ph ) X =H
by RY=Ph R% = CH,Ph ) X = CHy
c) Rb=H RZ=pn ¢) X =Cl
d) R = R% = CHPh

The hydrazine 15 from dimedone and 1,1-dimethylhydrazine adds to
DMAD in tetrahydrofuran to give the diastereomeric adducts 16 and 17 to-
gether with the cyclized product lg.g Compounds 16 and 17 exhibit the
typical shift difference of the vinyl protons s 5.47 ppm for 16 and
§ 6.87 for 17 in E- and Z-enehydrazines.

Addition of the enehydrazine from 1,3-cyclohexanedione and 1,2-
dimethylhydrazine to MP or DMAD gave only the adducts of E-configuration
19a or 19b along with cyclization products 20a, 20b, 2la and_glg.zz

Formazanes have also been added to DMAD to give the adducts 22a and 22b
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H3C02C\c _H H\C/COZCH3
Ht\kN(CH3)2 I + I
VAR C\
DMAD . H,C0,C” N-NICHy, H3COZC/ N-NICHy),
0
0 0
15 16 v
0 COCH,
'TJ 0
N
18 CHyCHy
R
HCO,C_ H o R

c
¢ 1 ] 0
S\
R oy

[
o . CH
CH3CH3 CH, 3 CHy
1 20 2
a) R= a) R=H a) R=H
b) R=COC% b) R = CO,CHq b) R=C%Oﬁ
of unknown configuration with 23 being the main product in one case.23
NHPh
H~CO,C !
3% "CH N2 HyC NICOZCHa
[l |
C oN N CO,CH
HiCO,C NN R ) 273
3¥V2 Ph
Ph
2z 23
a) R=H b) R = CH,
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IT. FORMATION OF PYRAZOLINES FROM HYDRAZONES
Upon heating in inert solvents and in the presence or absence of
acidic catalysts, enehydrazones may undergo an electrocyclic ring closure
to pyrazolines. The mechanism of this cyclization has been discussed by
Elguero, Jacquier and Marzin.24 The enehydrazones may be prepared sepa-
rately or generated in situ.
With the purely aliphatic enehydrazone 24, 38 % of pyrazoline 25 and

56 % of the corresponding pyrazole 26 were obtained in boiling xy]ene.3

H3COZC\C M H4C0,C CHy  HCOyL CHj
| - . .
£ HC0,C N\ A HCO,e N A
H3COC” "N-N=CHCH, " 1
CHe QMg Ghs

24 25 26

The coupling constant J4’5 = 11.5 cps observed in hexadeuterobenzene
for 25 cannot serve to determine its configuration unambiguously; it was
shown to be trans by the addition of shift reagent. Some similar pyrazo-
Tines were prepared in good yields from methylhydrazones of aliphatic
aldehydes and DMAD in boiling xylene without isolation of the enehydrazo-

6

ne intermediates;- their configuration was probably trans also.

H3C02C CH3
_ DMAD
HyC-NH-N=CH-CHy ————>
HaCOZC““‘ N/
CHy
27
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Benzaldehyde methyl- and benzylhydrazone formed the dimethyl trans-
pyrazolinedicarboxylates 28a and 28b with DMAD in mixtures of xylene and

acetic acid;25 a small amount of the cis-isomer of 28b was also detected.

HyCO,C h
PhCH=N-NHCH,R DMAD__,.
xylene, AcOH Hacozc\\\u- [I\j/
CH,R
8

>

H,CO,C Ph  HCO,C
PhCH=N-NHPh — &
H,CO,CH

Heating a mixture of benzaldehyde phenylhydrazone with DMAD gave
small amounts of pyrazoline 23 (no proof for trans-configuration given)
and its dehydrogenation product 30 in 16% y1e1d7 along with a by-product
resulting from Diels-Alder and retro Diels-Alder reactions. Such com-
pounds will not be considered in this review. The dehydrogenation is be-
Tieved to be caused by DMAD.

Benzyl methyl ketone phenylhydrazone behaved differently with DMAD

and gave only the enehydrazone §l.7

102



12: 00 27 January 2011

Downl oaded At:

REACTIONS OF ACETYLENES WITH HYDRAZINES

HiC0,C H
I
C
Hy00,C7 N-N=C=T 3
L CH,Ph
31

The preparation of pyrazolines from hydrazones and MP is less

straightforward. Dehydrogenation of the enehydrazines 12a and 12b led to

the simple enehydrazones 32a and 32b. Compound 32a on warming in xylene/

acetic acid gave pyrazole §§;18 no pyrazoline could be isolated.

Hy00C, M HyCO,C\ M HyC0,C
Il ] | — -
R/C\I;I—NHCH3 R” C\N—N=CH2 N/N
CHy CHy CHs
1 3 kX
a) R=H a) R=H
b} R COZCH3 b) R = COZCH3

Enehydrazones from MP and methylhydrazones of aliphatic aldehydes as

34 did not give the expected pyrazolines 36 but their isomers 35.

HiCOLC. M

% xylene/H*

/’C\
H™ “N-N=CHCH,R

34

6

The
HyCO, H HLO,C H)R
RCH" N/N N
CH3 CH3
» EJ
R = C
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authors believe that during the course of the reaction, the two nitrogens
exchange their positions via a diaziridine intermediate. Interestingly,
this reaction path is not followed in the case of phenylhydrazones of
aliphatic aldehydes. When acetaldehyde phenylhydrazone and MP were heated
in xylene in the presence of small amounts of p-toluenesulfonic acid, 60%
of still another type of pyrazoline 37 and 15% of the "expected" isomer

but dehydrogenated to the corresponding pyrazole 38 were isolated26

along
with small amounts of other products which are not discussed for the

reasons given above. In cold carbon tetrachloride only 38 was formed.

CHy HCOCL CHy
_ MP _ +
| |
Ph Ph
37 38

Similar results have been obtained with a number of other arylhydra-
zones of aliphatic and aromatic aldehydes. The formation of 38 is inter-
preted in terms of a nucleophilic attack of the NH on the triple bond via
a normal enehydrazone with subsequent cyclization and dehydrogenation.
The formation of 37, however, is explained by a nucleophilic attack of
the hydrazone carbon on MP, forming the intermediate 39 which has been

HCO,C._ H

O=0

CH,

H/ \(.|:/

“NHPh
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isolated in small amount and which is believed to cyclize to the pyra-
zoline 37 in its syn-form with the acrylic ester double bond and the NHPh
on the same side of the C=N double bond.

A nucleophilic attack through nitrogen has also been observed with

acetone N,N-dimethylhydrazone on DMAD to give compounds 40 and_ﬁl.27

T HBC\N/ CHy
l®
HyC, CHy uap |HaO AN C0CHy
C=N-N —— | i —
H3C/ \CH3 3 ¢
c
0o~ \OCH3 J
H3C\N/CH3 NICHg
| HiC. No CO,CHy
H3C N O~CH 3 \C/ \C/ 2
kX o H3 ' eH A
c
HCO,C Ongoz 3 2 H/"NC0,CH3
3
40 41

Ethyl phenylpropiolate and benzaldehyde phenylhydrazone give a pyrazole

42 with the expected substituent pattern,28 but with propionaldehyde

phenylhydrazone a 2:1 product results which is believed to be a pyrazo-

lTone derivative.

H:C,0,C Ph
PhCH=NNHPh  C*CCOGHs pn A N
N
Ph
42
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III. FISCHER CYCLIZATION OF ENEHYDRAZONES AND ENEHYDRAZINES
Enehydrazones derived from ketone methylhydrazones give a Fischer-
type cyclization reaction on heating in xylene or toluene with small

amounts of acetic acid.3

- 7
E. M E_MH E
e’ No
|(.|: /g ',, \. E
= N
Y E” N |
CHa CH,H R
L /
13 u 1
E = CO,CH, a) R=CHy b) R=H

Compound 45a has been isolated in 40% and 45b in 12% yield. Similar re-
sults were obtained when cyclohexanone methylhydrazone and DMAD are
boiled in xy]ene.4 Baumes, Jacquier and Tarrago have very carefully ex-

4

amined this reaction,” generally without isolation of the enehydrazone

intermediate. Further typical examples are given below.

H,C0,C Ph
PhCHz—IC—CH3 DMAD
N-NHCH3 HiCOC NN CHy
6 R
a) R= CH3
by R < H 30 % (1:1)
HyCO,C CH,
CH3CHZﬁ—CH2CH3 MP
N-NHCH, H N GHe
a7 R
a) R = CHy ,,
b) R - H 20 % (1:1)
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In the presence of DMAD and aluminum chloride, ketone phenylhydrazones
do not undergo the normal Fischer indole synthesis but the Fischer-type

cyclization of the (non-isolated) enehydrazones. N-Unsubstituted pyrroles

are exclusively formed in good yie]ds.29
1 1
Rl HyCO,C R
'CHZ DMAD
AlCl R2
.C 3 H,CG,C
R2"SN-NH Ph % o N

a) RL = H R% = ph
by R = C.H, R
c) R1
d) RLR? = -(cH

1l
o
>
e

n
o
pm

Enehydrazines with a phenyl substituent at N-2 are prone to a normal
Fischer indole synthesis. Thus Diels and Reese20 found that heating the
enehydrazine 14a in xylene afforded a 70% yield of dimethyl 2,3-indole-
dicarboxylate 50, while in pyridine a 55% uf guinolone 51 was obtained;

obviously both were formed through the common intermediate 49.

: -
E\C/H E\CH E
3 ~| £ —
s N N
E \\N'_QJ E/ \N Fb N
Ph H Ph -
14a =
E E
PhN*c””\/@ NHPh
[ —
E 0
N N
E = CO,CH, 49 51
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These reactions were later extended to the substituted derivatives
1 yhite 14a and 54 yielded only the corresponding quino-
lones 52a and 55, 14b gave both the quinolone 52b and the indole 53 in

good yields.

H.COG\ _H
3 2‘\ﬁ/ X . CO,CH,
HAC N—N
H
52
14 X a) X =CHy b) X =
a) X = CH, HCO,C
by X = Cl Ct
HCoLe
H
53
HyC0,C. M 0,CH3
c D/OAC AcO NHPh
C —_— 0
Hy00,C7 N—N b
Ph H
54 55

Finally, the enehydrazine 13b yielded both the indole 56 and the

quinolinone 57; 56 could also be obtained from 1l-benzyl-1-phenylhydrazine

and DMAD. 19
J DMAD Ph
/C\ /Ph E_® - H2N-N<
E” NN N CH,Ph
CHPh R
13b 56 E = CO,CH,

r— -
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QOZCH3
NHCH,Ph
N-XO
(IZHZPh
5/

JE

IV. ENEHYDRAZINE-HYDRAZONE TAUTOMERS

1. Addition of Hydrazine to Dimethyl Acetylenedicarboxylate and Methyl

Propiolate
As early as 1889, Buchner30 established that the addition product of

phenylhydrazine to DMAD in ether was dimethyl oxaloacetate phenylhydra-
zone.31 Later, Heindel, Kennewell and Pfau studied this reaction in more

detai];32 in ethanol it gave a high yield of a 4:1 mixture of the hydra-

CO,CHy H3C0,C, H3COZC, /H

C C

@ + PANHNH, —» |CH2 a— I

| /C\ c C/C\

CO,CH, HyCO,C™ “N-NHPh  HyCOp E_NHPh
58 59

zone 58 and the enehydrazine 59, separated by crystallization. The hydra-
zone methylene group exhibits a singlet at 3.72 ppm, the enehydrazine
vinyl-H one at 4.84 ppm. Though 59 is the less stable isomer, its tauto-
merization to 58 is extremely slow under neutral conditions. Therefore,
59 is probably not an intermediate in the formation of 58, but the allenic
enol 60 is believed to kinetically control the reaction by the different
rates of an NH-shift to the hydrazone 58 or an OH-shift to the enehydra-

zine 59. Part of the product 58 is always cyclized to the pyrazolone 61.
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H3tO C0,CH,
il
G Ho— N
C |
H3C0,C7 NH-NHPh Ph
60 61

Other authors found only the hydrazone form upon addition of phenyl-
hydrazine to DMAD.33’34 This is also true for a number of substituted
phenylhydrazines as p-chloro-, 2,5-dichloro-, 2,4,6-trichloro-, 2- and
4-nitro- and 2,4-dinitrophenylhydrazine and N,N-dipheny]hydraz1’ne.32'35
In contrast to the phenyl- and 4-nitrophenythydrazones, the 2,4-dinitro-
phenylhydrazone cannot be cyclized to a pyrazolone.

p-Tolylhydrazine gave only the enehydrazine form.32 Hydrazone
§g32’35’36 and enehydrazine form §§32 have been found as adducts of N-
methyl-N-phenylhydrazine to DMAD.

H4C0,C, HyCOC_ M

C i

,C\ _CH
H,C0,C N—N\Ph3

62 63

_CHjy

7 NN-
HyC0,C" NN

It is interesting to note that addition of phenylhydrazine to MP in
ether gives the enehydrazine 64 (J = 13 cps) exclusively, but in chloro-
form solution at room temperature this is quantitatively isomerized to

methyl formylacetate phenylhydrazone §§.37
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HyCO,C H H3CO2 C\

c” CH,
HC=CCORCHy * PINHINH, —= I ——=
H” NHNHPh H” NN-NHPh
64 65

Early studies of the addition of unsubstituted hydrazine to DMAD and
diethyl acetylenedicarboxylate led to the pyrazolone esters 67a or 67b
exc]usive]y.38 However, careful reinvestigation of this reaction by Hein-
del gﬁAgl;,32 afforded dimethyl oxaloacetate hydrazone 66 (CH,, s, 3.50

ppm) as the primary adduct along with the pyrazolone.

H3C0,C OR
HyCO,C C=CCO,CHy —274 o ¢,
€0, 2CHy L Ho-4_ N
\§
HyCOC” N-NHy H 67
66 a) R =CH,
b) R = CyhH,

The homologue 69a could be observed in the nmr as a rearrangement
product of 10a; it has the structure of a dimethyl oxaloacetate methyl-

hydrazone.39 Space demanding ester groups stabilize the methylhydrazones

69b-69d which were obtained from the corresponding enehydrazines 68a-68c

in chloroform at room temperature as crystalline compounds.40 The ene-

hydrazines 10a and 68a and 68b and the methylphenylhydrazone 62 have been

hydrolyzed to the corresponding dialkyl oxa]oacetates;35’40

for 10a we
have recommended this procedure as a convenient method to prepare dimethyl
oxaloacetate 70a, particularly, when performed as a one-pot procedure

starting from methylhydrazine and DMAD.41
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RO,C
RO, M 2
I —_— ]
/’(:\\ ,}:§§
RO,C IN=NH, ROZC N-NH CH3
CHy 69

10a R-= CH3 a) R = CH3
68.a R = CH(CHy), b) R = CH(CH,),
b R = CH(CH,), c) R = CH(CH,),
c R = C(CHy), d) R = C(CHy),

RO,CCOCH,COR ~ =— 62

70a R=CH
b R = CH(CHy),
c R = CH(CHy),

Addition of N,N-dimethylhydrazine to DMAD in boiling ether has been
reported to yield dimethyl oxaloacetate dimethylhydrazone 11.27 A complete
nmr investigation of a product obtained in cold ether revealed, however,

that a 72:28 mixture of the hydrazone and enehydrazine form 72 was pre-

sent.42
HCOLC, HCO,C H
HyNN(CH3)p CH, c’
DMAD — e O CHy _C CHy
SN-NC 3 SNH-NC
HyC0,C NN\CH3 HyCO,C s
71 72

These results compare well with the 86:14 equilibrium mixture obtained

from 1,1-dimethylhydrazine and diethyl oxaloacetate in carbon tetra-
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chloride described by Yakimovich and Khrusta1ev,43 while Ahlbrecht and

Henk?

report an opposite figure for the product from dimethylhydrazine
and dimethyl oxaloacetate in DMSO.

It is interesting to note that the reaction between 1,1-dimethyl~
hydrazine and DMAD in methanol at low temperature leads preferentially to

the dimethylhydrazide Z§.27 Hydrazone 74 from N-aminomorpholine and DMAD

LCH3
CH,q

_ CHahNNH
HyC0,C C= C CO,CH4 [CHypN N, H3C0,C C=CCONHNC

CHy0H/-30°
73

though formed only as a by-product in methanol/water (see below), is ob-

tained in 54% vield in to]uene.36
H3C02C\ H3C02C\ H\ /COZCH3
CHy (3%42 — .
CIJ HCI CH g CH
N\ 113 \ -
H,CO,C" “N-N §> NN-N H”NN-NZ 73
3% “CHs H “CHj
74 75 76

Another tautomeric mixture, 60% of the hydrazone 75 relative to 40%
of the Z-enehydrazine 76 (J = 8.5 cps.), was observed in carbon disulfide
after addition of N,N-dimethylhydrazine to MP in ether.42 Ahlbrecht and
Henk45 reported an equilibrium of 96% hydrazone and 4% Z-enehydrazine in
bromobenzene for the ethyl ester from N,N-dimethylhydrazine and ethyl
formylacetate.

46 carefully examined the tautomers

Brugger, Wamhoff and Korte
obtained upon addition of amidrazones on DMAD; e.g. 78 by far predominates
in deuterochloroform. This is a special case of the enehydrazine-hydra-

zone tautomerism discussed in this section. Similar compounds have been
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examined by LeCount and Greer (see be]ow).47’48

(/\NEN S Cf OCH3 C(m)LCHzcozcrh

77 78

Addition of benzil monohydrazone to DMAD in methanol affords the
oxaloacetic ester derived azine 79 along with some pyridazine §g.49 Under
different reaction conditions, particularly with 4,4-disubstituted benzils

pyridazines ma;become the main products.

HAC0,C,
CHy CO,CH3
H3C02C/C\\N—N% _Ph Ph ~CO)CHy
¢ Ph N//N

C
N\
Ph” Yo
79 80

A number of adducts from acetylenic esters with carbonyl substituted
hydrazines have been described, but only few of these have spectroscopi-
cally established structures. Compounds 81 and 82 are enehydrazines with

fumaric ester configurations while 83 contains a fumaric and a maleic
50

ester group. w OCH3
0 COCH H;CO,C” \C/C\O
h | M
- OCH N
.0 3 0 0 8
0
31
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H_C02CHs
0 I CO,CHy
N
0 ¢
7\
00" H g "

While N-aminophthalimide forms 81 in methanol, 84 is obtained in dioxane
in equally good yield.
Aroylhydrazines add to DMAD in methanol to give dimethyl oxaloacetate

aroylhydrazones, e.g. 85, which on acid treatment form pyrazolone-

carboxylic acid §g.51
CO,H
H3C02C\CH . 2
PRCONHNH, —DMAD 172 . o N
N
HyCOC" N-NHCOPh b
85 86

Thiosemicarbazides add to MP to give the methyl formylacetate thio-

semicarbazones 87a and 87b while with DMAD the heterocycles 88a and 88b

resu]t.33 Thiohydrazides, however, lead to 1,3,4-thiadiazoles, as e.g. 83
and 29.52
0
H3COZC\ NH
C’3H2 /NL 2
HC R
SN-NHCSNHR HyCO,C7 s =N
8 88
a) R = CH3 a) R = CH3
b) R = Ph b) R = Ph
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S
PhCNHNH, _OMAD
S MP

PhCNHNH, ———*

Other adducts written as oxaloacetates are 9la-91c

33,55

RCH,0,C

92a-92c.

Hy
N

O—0

/
RCH,0,C
91

2’5

a) R=H X =0CH
R=CHy X = NH

2

c) R=H X = CH,CH

0

NH
NCOCH;

H  CO,CHy
93

Treatment of 92c with acetic anhydride gives the triazepinone 93.

Adducts 94a and 94b, written as enehydrazines

compounds of type 86.

116
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N—N
A \EoutHs
Ph™\s 7 Nen, Co,CHy
o

H__/CO,CH

C
L
H
Ph
o 87 N CHCO,CHy

33,53,54 and

2
i

A

55

56 in aqueous acid also give
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H3COZC\C/H 4 k- @
I
/C\
H3CO,C "N-NCOR  b) R - @
H H N
9&

It is noteworthy that p-toluenesulfonylhydrazine forms the hydrazone
95 with DMAD while with MP, the enehydrazine 96 is generated (J = 13.5

cps), both in good yie]ds.57

HiCOG HyCO,C__H
32 \CHZ TN
e ]
\ \
HiCO,C" N-NHTs H’ N-NTs
95 36

Treatment of diethyl acetylenedicarboxylate with the tosy]hydrazide

97 gives the quinazolone derivative g§,55

0
@:GONHNHTS HC,0,C C=C COCoHs ANHTs
NH, N1 COGHs
H CHyC0,CHe
97 98

The ethynyl sulfone 99 also adds phenyThydrazine or semicarbazide
to give the phenylhydrazone 100 or the semicarbazone 192.58 The same

compounds are obtained from the isomeric phenylpropargyl sulfone 101.
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PhNHNH> N-NHPh -

PhS0,C=CCH, PhSO,CHy-C-CHy  ——
- HNNHCONH

PhS0,CH,C=CH = PhSO,CHy-C—CHy 102

101 N-NH CONH,

Finally, the structure of dimethyl oxaloacetate hydrazones has been

established for most of the adducts of heterocaryl hydrazines to DMAD.

2-Pyridylhydrazine in cold ethanol forms the hydrazone 19§;46’48

occasionally this reaction may, however, go on to give the pyrazolone

104,34

p C
HCOE CO,CH,
DMAD CHy
N7 NHNH; C HO- N

Vah i N
H3C02C N N N
103
AcOAc 104
H3COZC @
0

105

With acetic anhydride 103 cyclizes to the triazinone 19§,47’48 2-Quinolyl-
hydrazine gave only the pyrazo]one.34 Oxaloacetic ester hydrazones corres-
ponding to 103 have also been obtained from 3-chloro-1-hydrazino-5-nitro-
1'soqu1'noh'ne,34 3*ch1oro-6~hydrazinopyridazine,59 and l-hydrazino-

34,47,48

phthalazine. The Tatter compound can be cyclized to two tautomeric

triazinones in the same way as mentioned for 77 and 78 (see above}, this
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is also true for the hydrazone 199.47’48

HyCOLC\, 2] o
CHy Nw HGC 2 m)\N
CHOH N . />
C jo—’
H3C0,C’ \N-NJJ\S TEA ~ F N\N) =S N\N)\S
H
106 107 108

Other hydrazones similar to 106 can be cyclized either to triazinones

or to pyrazo]ones.47’48 In the case of 109 both reactions can be achieved.

C02CH3 COZCH3
-
l :H HO N
0 N N N
° R R 111

o
112

Triazinones 113 and 114 were obtained from reactions between diethyl

acetylenedicarboxylate and N-aminoguanidine or thiosemicarbazide.54

2% N RS AN\
OINJ*NHZ OIEJ\\HS
H

113 114
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2. Addition of Hydrazines to Cyanoacetylenes

Cyanoacetylene adds phenylhydrazine to give the E-enehydrazine 115

(J = 14 cps), while hydrazine affords what is a mixture of 116 and_llz.6

NG _H NG _H NC, H H(_CN
’ i i fi
¢ ¢ C C
AN N
HSWenpn BT NENE, T NN H
H H H H
115 116 117

Alkynoic acid nitriles are reported to give aminopyrazoles with

hydrazine and phenylhydrazine.61

R
NoH a) R=C.H
R-C=C-CN 220G N 5711
=C HaN N/N b) Ph

R =
H s
R
PhNHNH N/ﬂ 2Rt
RC=C-CN  ———4= AN N ) e

I

Ph
119

Tosylhydrazine adds to dicyanoacetylene to give the enehydrazine

120 with a probable E-configuration,S7 but from cyanoacetylene the

NC. _H NC
hogd “CH,
¢ |_NHNHT HN
7\ HCL TS 27 N
NC~ “N-NHTs NHNHTs
120 121 122
Ts = Tosyl T
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hydrazidine 121 is formed. Other benzenesulfonic acid hydrazides were

found to give aminopyrazoles as e.g. 1@%.62

V. PYRAZOLES FROM ACETYLENIC KETONES AND ALDEHYDES

This topic has been reviewed ear]ier.62 Only very few enehydrazines
and no simple hydrazones have been reported from the addition of hydra-
zines to the triple bonds of ethynyl ketones or acetylenic aldehydes. Thus
1,5-diphenyl-1,4-pentadiyn-3-one adds hydrazine at low temperature in
methanol to give the bis-enehydrazine 123 (vinyl-H at 5.51 ppm).64 Aryl-

and aroylhydrazines have been added to phenylethynylglyoxylic esters to

give e.g. 124a and 1252.65
li
<Ph C=G C-CH=CPh NH>»2 Ph C=CH CO COR
HN-NHR2
123 123

1_ 2 _
a) R = C2H5 R™ = Ph

by R! - CH(CH,), R® = PhCO

Base-catalyzed addition of 2,4-dinitrophenylhydrazine to l-phenyl-

3-butyn-1-one affords the enehydrazine 125 after shift of the multiple

ALH3
h =C
hCOCH=C Nk NO,
125
PhCOCH,C=CH NO,
. Ph
Ph C CH,C=CH
Noz#@r\mr\m2 T N
4 N-NH NO, —»
NO, NO2
126 NO,
127 NO,
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bond. In acidic medium the 2,4-dinitrophenylhydrazone 126 is formed which

under acid catalysis cyclizes to the pyrazole 127.66

Benzoylacetylene adds pheny]hydrazine67 or semicar‘bazide68 at both

the C=0 double and the C2C triple bond.

PhCOC=CH —» Ph ﬁ‘-CHZ—CH=N-NHR

NNHR
128

a) R=Ph b) R=COMi,

Generally, 2,4-d1n1tropheny]hydrazingp4’65‘69

28,67,68,70,71 68,70-73

p-nitrophenylhydra-

74

Zine, semicarbazide and p-toluenesulfonylhydrazine

form the usual carbonyl derivatives with ethynyl aldehydes and ketones.

64,66,67

Some of the resulting 2,4-dinitro- and one 4-nitrophenylhydra-

zone67 have been cyclized in acidic medium to the corresponding 1-(2,4-

dinitrophenyl)- and 1-(4-nitrophenyl)pyrazoles, e.g.67

CHyq
PhC=C-C-Chy Phj N
N-NH NO, - 0,
NO,
NO, 130
129

N
131 CONH, 132

HyC- C=C- CH=N-NHCONH, — H3C’l N

The semicarbazone 131 of tetrolaldehyde cyclized under the influence

of KOH to the pyrazole 1;2,72 Hydrazine is reported to give azines with
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72 while phenylhydrazine gave

70

tetro1a1dehyde72 and phenylpropiolaldehyde
two isomeric phenylhydrazones with the latter aldehyde.
On the other hand, cyclic products, i.e. the pyrazoles 133a-133e
were reported as products of the reactions between hydrazine and propiol-
a]dehyde,72 pheny]propynone,75 3-nonyn-2-one,71 1-pheny1-2-octyn-1-one,76

and ethyl pheny]ethyny]glyoxy]ate-05

i
R a) RI=R%Z - H
2 N by Rl =pPh RZ=H
N 1 2
N ¢) Rl= gy R = CHy
d) RU=cH, R% =P
133 1 2
e) Rl =pPh R = COLCH;

Unsymmetrical hydrazines may give two isomeric pyrazoles with most ethynyl
ketones and acetylenic aldehydes. Very often both are formed at the same
time while no open-chained intermediate can be isolated. This makes it
even more difficult to decide which is the initial step in these pyrazole
formations. The problem may be illustrated by the following example.

Phenylpropiolaldehyde and benzoylacetylene give the same 2:8-mixture
of the isomeric pyrazoles 134 and 135 with methylhydrazine in acidic

ethano].67 Compound 135 may have been formed from phenylpropiolaldehyde

- Ph
- [ A 1 NVl

PhCO-C=CH g N
Hy CHy
134 135

by the initial attack of the unsubstituted nitrogen on the aldehyde
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carbonyl group (i.e. via an ethynyl aldehyde hydrazone) or by attack of
the substituted N-1 on C-3 (i.e. via an enehydrazine). Conversely, 134 may
have been formed from phenylpropiolaldehyde either by an attack of the un-
substituted nitrogen on C-3 (i.e. via an enehydrazine) or by attack of the
substituted N-1 on the carbonyl group. A same reasoning can be applied to
benzoylacetylene as a starting material.

The following pair of isomeric phenylbutynones showed a similar be-

67 in the case of

Ph CH;3

haviour with respect to methyl- and phenylhydrazine;

PhC=CCOCH, CHaNHNHp

PANHNHy M0\
= L |
PhCOC=C CHy ’
36

Ph N
R

137

a) R=CH, b) R=Ph

methylhydrazine, however, the relation of 136a to 137a differed from one

70,73

ketone to the other.67 Other authors found different ratio in acetic

acid. A thorough discussion of the possible reaction paths has been
published by Coispeau, Elguero and Jacquier.s7

As was pointed out earlier for 7 and 10a, alkylhydrazines may well
react preferentially with the more nucleophilic alkylated nitrogen. On the
other hand, methylhydrazine is known to give methylhydrazones with simple
ketones. For phenylhydrazine the unsubstituted nitrogen is generally be-
lieved to be the more nucleophilic one. Yet, in some cases phenylhydrazine
has undoubtedly reacted preferentially with its substituted m’trogen.”’67
Finally, in the presence of acid initial protonation of the hydrazines may
change these patterns.

Propiolaldehyde gives 1-phenylpyrazole 138a with phenylhydrazi-

ne,72’78 tetrolaldehyde is reported to afford the pyrazole 138b possibly
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indicating an initial formation of the pheny]hydrazone.72

Phenylpropiolaldehyde and phenylhydrazine give pyrazole 138c in

acetic acid’® or ethanol via the phenylhydrazone mentioned above®” in poor
yield. 3-Nonyn-2-one forms a pyrazole of the probable structure 1}971 with
CHy
R/[N/N CaHy; rxli)q
|
138 pp CHj
a) R=H 139
b) R = CHy
c) R=Ph
67

methylhydrazine. For the reaction between methylhydrazine and butynone

or 1-pheny1-1-butyn-3-one73 the two possible pyrazoles have been recorded.
CHy R CHy
R/é N i H4C N N H4C N
CH3 CH3 R
140 141 142
a) R=H a) R=H a) R= CH3
b) R = Ph b) R =Ph b) R =Ph

3-Pentyn-2-one, expectedly, gives only one pyrazole 142a or 142b with
methyl- or pheny]hydrazine.67

1-Methy1-5-phenylipyrazole 135 has also been obtained in good yield
when the preparation of the above mentioned enehydrazone 5 from propiol-
aldehyde with benzaldehyde N-methylhydrazone was carried out in acetic
acid instead of ethanol. Similarly, the enehydrazone 143 has been

cyclized to the pyrazole 144 with acetic acid.65
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OCH _H
e é \
PRC=CCHO + CHaNHN=CHPh ——= [+ Pn N

|
PR “N-N=CHPh  CH3

CH; 135
5
(CHy)9CHO,CCO_ H Ph
X7
]
L (CHghCHO,C
PR~ “N-NHPh |
H Ph
143 144

A number of enehydrazones 9 and 145a-145c has been prepared from
dibenzoylacetylene and, alternatively, the hydrazones or the diaziridines.
Boiling these enehydrazones in ethanolic hydrochloric acid gave the pyra-

zoles 146a-146¢c which could, however, also be prepared from dibenzoyl-

acetylene and the simple a]kylhydrazines.l3
PhCO, M h
I y
£ —= Phoo— N RNHNH2  phcoc=ccorh
PhcO” “N-N=CRER3 V
K R' 16
9 RU=H RP=cHy RO=CH, a) R=H
usa Rl=cHy, RE =R =My b) R = CHy
b RL = CH(CHy), RZ=R¥=CHy c) R = CH(CHy),
1 2
¢ Rb=cHy RZ = (CHy),

Two isomeric pyrazoles 147 and 148 resulted when 5,8-triadecadiyn-

7-one and phenylhydrazine were kept in methanol at room temperature,
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while 1,5-diphenyl-1,4-pentadiyn-3-one gave only 149 in boiling methano].64

PANHNH F=chls P
C4HgC=C COC=C G Hg ———2o 4 - )
CH ¢, HoC=C
Ph Ph
Cc=CPh 147 148

3

|
Ph

149

1,2-Dimethylhydrazine and l-methyl-2-phenylhydrazine add to
acetylenic aldehydes and ketones in the presence of molar amounts of
hydroiodic acid to give the pyrazolium compounds. Thus butynone forms
150 with the former and phenylpropiolaldehyde a mixture of 151 and 152

with the 1atter.67

I I~ I~
HyC- (@N‘C H3  Ph /\-@N\Ph Ph ED)\I\CH3
| ]
CH3 éH3 Ph
150 151 152

VI. PYRAZOLONES FROM ACETYLENIC ESTERS
Pyrazolones which are a very important group of organic compounds,

are usually prepared from hydrazines and g-keto esters. Reviews on the

79,80

topic show that relatively few pyrazolones were obtained from

acetylenic esters. Only the latter will be considered in this review.
According to their most important tautomeric forms, simple pyrazo-

81,82

1in-5-ones will be written as 2-pyrazolin-5-ones throughout this
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review while pyrazo]in-B-one582’83

25,84

and particularly pyrazolones with ester

substituents
48

will be written as hydroxypyrazoles. In a paper cited
above, two tautomeric forms of a pyrazolone could be studied separately.
It was mentioned above that the hydrazone 66 from DMAD and hydrazine

cyclizes to give the pyrazolone 67a.

67b R = CH;
HOL (A 8 R=H
H

The ethyl ester 67b is obtained when diethyl acetylenedicarboxylate reacts

with hydrazine hydrate,38 both probably via an intermediate corresponding

to 66. The hydrazone 153 affords 67b on acid so]vo]ysis.13
C‘QHSOZC\C/H o
67b
| 3 ==
C

— D
CH O
e 2
H CZHS

1b3

Hydrolysis of the dimethyl oxaloacetate aroylhydrazones _551 and
94a and §ﬂ§§6 give the carboxylic acid 86.

Ethyl phenylpropiolate is cyclized with hydrazine hydrate at room
temperature to the phenylpyrazolone 1§§,85’86 but at 0° phenyTpropiol-
hydrazide 154 is formed, which on heating above its melting point gives

also l§§.85’86

Compound 154 is probably an intermediate in the formation
of 155 at higher temperature. Compound 155 can also be obtained from the
free pheinylpropiolic ac1d85’87 but was found to be accompanied by varying

amounts of azine 15687

in that case. The same is true for aryl substituted

phenylpropiolic acids.87
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Ph C=C CONHNH,
_ Ph
C=N-N=CT
0 HaC” Ph
PhC=CCOH  — N 3 156
H S
155

Ethyl propiolate and tetrolate give pyrazolones 157a and 157b88’89

with hydrazine hydrate.

n
~—
=

It
o

0 N/N b) R = CH,
H
157

Unsymmetrical hydrazines may lead to isomeric pyrazolinones. As with
acetylenic ketones and unsymmetrical hydrazines, different pathways may
be envisaged for the formation of pyrazolones; they were discussed by
Coispeau and E]guero.go

Treatment of aliphatic enehydrazones with acetic acid gives 1l-alkyl-

3-hydroxy-5-pyrazolecarboxylic esters in poor yie]ds,13’25 e.g. 159a from
158,
RO,C. _H OH
i _AcOH 47 :N; < OMAD - eNHINH,
RO,C “N-N CHy
CHy
158 R = C2H5 159
a) R C2H5
b) R-= CH3
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OH OH
PRCHNHNH, —SMAD_ LOH™
ACOH  yco.c W 2.2%0°C N
!
CHyPh CHyPh
160 161

Better yields have been realized when alkylhydrazines were heated
with acetylenedicarboxylic esters; e.g. 159b and 160 were prepared in this
way.13’25 1-Alky1-3-hydroxy-5-pyrazolecarboxylic acids from saponification
of the esters, in contrast to the isomeric 5-hydroxy-3-carboxylic acids,
can easily be decarboxylated to give the l-alkyl-3-hydroxypyrazoles, e.q.
191-25

Two isomeric hydroxypyrazoles can be prepared from the enehydrazine
10a. Thus in acetic acid 10a yields the expected cyclization product 159b
in excellent yield. Surprisingly, when heated without a solvent or in non
polar solvents as chloroform or xylene, the isomeric methyl 1-methyl-5-
hydroxy-3-pyrazolecarboxylate 162a is obtained in high yield along with

small amounts of 159b which can be removed by crystallization or chromato-

OH

_H H3COC N M
C " CHy 159

/C\
H3C0,C" “N-NH,

HyCO,C.

CH3 COZR
10a
HO Pﬁ’jq
CHy 162
a) R= CH3
b) R = CoH,
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39 In ethanol,

graphy; the ethyl ester 162b can be obtained similarly.
about equal amounts of both isomers are formed. The mechanism of the for-
mation of 162a is not yet well understood.39 Obviously, the two nitrogens
exchange their positions and the above mentioned hydrazone 69a is the
immediate result of this process. Consequently, the methylhydrazones 69b-
69d could also be cyclized to the different 1-methyl-5-hydroxy-3-pyrazole-
carboxylic esters.40
Ethyl propiolate in ether gave pyrazolone 163 with methy]hydrazine,91
again this is not the expected cyclization product of the enehydrazine lla

described above. Products 164a and 164b92’93 formed from ethyl propiolate

ol
oi,ﬁ)‘j 0 ,'Q/N
CH, R2
163 164
1 _ 2 _
) R1 R = CHapCel 1
)} R™ = R® = CHCH3EC6H4F

and tetrolate respectively, with substituted benzylhydrazines were claimed
in patents.
Phenylhydrazine leads to l-phenylpyrazolinones in these reactions.
The previously mentioned dimethyl oxaloacetate phenylhydrazone §§30’32_34
when warmed with or without acid gives methyl 5-hydroxy-1-phenyl-3-pyra-
zolecarboxylate §1.32_34 This reaction has also been described for the
corresponding p-methyl-, p-chloro- and p-nitrophenylhydrazones to give

the derivatives 165a-165c.32’33

131



12: 00 27 January 2011

Downl oaded At:

SUCROW

COZCH3
6l X =H
HO N/N 1652 X = CH,
b X =0
¢ X = N0,

X

The formation of some pyrazolones (104, 110/111 and others) similar to 61
but derived from hydrazinoheterocyc1es,34’48 has been mentioned above.
Propiolic esters normally form 3-substituted l-phenylpyrazolin-5-ones

with phenylhydrazine (e.g. 166 from ethyl tetro?ate).g4 A number of homo-
95,96

logues with alkyl groups other than methyl have been prepared, all in
CH3
e PhNHNH
H3C-C=C-COyCHg —~ —— s oA N
N
Ph
166

moderate yields. Somewhat better yields can be achieved in the presence of
NaOMe, NaOEt or KO-t-Bu in alcohols. In such cases, however, the direction
of addition is reversed. Thus ethyl tetrolate with phenylhydrazine in the
presence of NaOEt gives 3-hydroxy-5-methyl-1-phenylpyrazole 1§1,97

isomeric to 166. Ethyl propiolate with phenylhydrazine in the presence of

OH
o on PANHNH,
3¢ C=CC05Ms —Naoer H3C/£ N

N

I

Ph
167

KO-t-Bu gives the 3~hydroxypyrazo]e97 168 in good yield. MP when treated

with phenylhydrazine in the presence of NaOMe, however, gave mainly the
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phenylhydrazide 170 which could be cyclized to 168 with acid.y’ Cycli-
zation of propiolylphenylhydrazide 169 proceeded to 1§§37 under basic con-

ditions; no yields were given.

OH
HC=GCO,CoHe  -LINHNA 4 §,<[“_3_%HCECCONHNHPh
KO-t-Bu
N 169
Ph 163
THCI
HC=GCOCHy PANHNH, | CPROS e o conHNHP

NaOMe CH3O/

170

When methyl formylacetate phenylhydrazone 65 is treated with acetic

acid, a mixture of 168 and its isomer 171 results.3’

OH
H3C02C\CH . D
|2 ’ N)" 0 N
H
Ph

C
NN-NHPh : Ph
65 168 171

—Z

A similarly clear cut situation is found with ethyl phenylpropiolate.
In boiling ethanol, a quantitative yield of the pyrazolin-5-one 172 was
obtained with pheny]hydrazine.86 At room temperature with the ester or
better free phenylpropiolic acid, phenylhydrazide 173 was obtained which
on heating cyclized to the isomeric pyrazolin-3-one 115.86 The Tatter has
also been prepared by treating ethyl phenylpropiolate with phenylhydrazine

97 and by heating phenylpropiolamide with

in the presence of KO-t-Bu
pheny]hydrazine.96 Boiling a solution of phenylpropiolic acid and phenyl-

hydrazine in benzene also gave 174 in good yie]d.87 This reaction has also
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Ph
PhNHNH
PhC=C- CO,C,H 2
25 ethanol/78°C ~. 0
PhNHNH, Ph 172
room temp. OH
PhO=G-CONHNHPH  —eal o Phé /N:;
173 N
Ph
174

been applied to m- and p-chlorophenylpropiolic acid.87
Products blocked in a pyrazol-3-in-5-one structure are formed from
symmetrically disubstituted hydrazines and acetylenic esters. Thus 1,2-
dimethylhydrazine and ethyl propiolate gave compound 175. The enehydrazine
176 was presumably also formed but not charactem‘zed.91 Compound 175 was
also obtained by the acid-catalyzed cyclization of the enehydrazine 12a
9

described above.18 Similarly, the enehydrazines lg9;8 and 1&31 gave pyra-

zolinones 177a and 177b.18:19

0
HO=0-CO,CHs  —T3NANACH
////////////" C++3
HAC0,C _H =
3 \ﬁ/ CoHg02C M H\ . CO2GHs
C I 1]
AN C C
H N-NHCH3 H” \N—N/ NH
CH3 CHyCHy
122 176

13k
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HyCO,C H 0
I — \
H3C02C N//\R
H,C0,C7 |
3€0,C N-NHR R
R 177
12b R = CHy a) R=CHy
142 R = Ph b) R =Ph

The addition of 1,l-dialkylhydrazines to acetylenic esters in
methanol/water at 0% leads in moderate yields to nicely crystalline pyra-
z01ium betaines.308 Thys 1,1-dimethylhydrazine gives 178a and 178b with

MP and DMAD, respectively.

0 OH
_ (CHaL)NNH HCl
R-C=CCO,CH 32" "2 . Ny ——
23 R GB/JN() R N
/ \ ]
CH3CH3 CH3
173 179
RCHZCHzCONHN(CH3)2 a) R = H a) R=H
180 b) R = C02CH3 b) R = C02CH3

a) R=H b) R=C0,CH,

Protonation of 178a and 178b with hydrochloric acid and heating the resul-

ting hydrochlorides gives the hydroxypyrazoles 17%a and 179b along with

methyl chloride. Hydrogenolysis of 178a and 178b gives the hydrazides

180a and 180b respectively; this constitutes a formal proof of structure.
The formation of such pyrazolium betaines may be related to the above

described observation that acetylenic esters tend to give the acid hydra-

zides in alcohols at low temperatures. The formation of the monodimethyl-

27

hydrazide 73" from DMAD is the most relevant example for this type of

reaction. It is also possible that pyrazolium betaines such as 178a and
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178b are formed via an acid hydrazide rather than from an enehydrazine. On
the other hand, a recent paper by Dalton, Demeral and E]mers99 describes
the formation of the open-chained betaine 181 from MP and 1,1-dimethyl-
hydrazine in water. Better yields of 181 and similar betaines are obtained
using propiolic acid and 1,1-diatkylhydrazines in methanol or ethanol.
Though no experimental evidence is given thus far, 181 may also be able to

cyclize to 178a.

G)
C.o

d \/N\-NHZ
CH4CH,

181

H

Pyrazolium betaines have also been prepared by Lockley and Lwowski100

through cycloadditions between the unstable N-aminoisocyanates and
acetylenic esters. In this reaction different structural patterns result;
the products bear ester or phenyl groups in position 4 of the pyrazolium
ring.

The pyrolysis of the betaine hydrochlorides becomes clearer in the
case of the betaines 182a and 182b derived from N-aminopiperidine and
N-aminomorpholine. These give the hydroxypyrazoles 183a and 183b without
a loss of haloalkane which remains part of the molecule enabling these
products to recyciize (via hydrochlorides) to the pyrazolinones 184a and

184b.
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o)
20— S — &N
X 182 [x/[/m} \\/X 134
a) X = CH2 a) = CH2 a) X= CH2
b) X=0 b) X =0 b) X =0

1-Methy1-1-phenylhydrazine and MP give the betaine 185 which can be

degraded via the hydrochloride to 168 or thermally rearranged to 186.

NN:tha 0 OR
HC=CCO,CHy ————FD & —
PALRK ® No "H/N
Ph CH3 Ph
185 168 R = H
186 R = CH,
CH3@ 6@§H3 HCl OH
PRG=CCO,CoHg + PhN -NH —=PhC=CCON- NPh e (2 )\):\
CHy Cry ~CMBEIPE Sy
Ph
187 o/}

1,1-Dimethyl-1-phenylaminimine, prepared from 1,1-dimethyl-1~phenyl-
hydrazinium chloride with sodium ethylate, reacts with ethyl phenyl-
propiolate to give the betaine 187 which with hydrochloric acid gives the

pyrazolinone 174 and loss of t.o equivalents of methyl ch]oride.m1

VII. ENEHYDRAZINES FROM HYDRAZINE DERIVED HETEROCYCLES
The reactions of acetylenecarboxylic esters with nitrogen containing

heterocycles have been reviewed}02’103

In the present review, additions
of heterocycles through the hydrazine portion of the molecule to acety-

lenic compounds will be considered. Cycloaddition reactions to acetylenic
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compounds will not be discussed. The addition of diaziridines to triple

bonds has been treated earlier in this review.

Pyrazole adds to MP to give the E-adduct 188a (J = 14 cps ).104 In

105 Nmr measurements show

the same manner, butynone and pyrazole give 188b.
that 1,2,4-triazole, benzotriazole and tetrazole also form adducts of

Econfiguration with butynone;105 2:1 adducts are also observed.

Q
- H
R-C_ _H OCH\/
C C
'é g
7 N\
H \ITI RN
N
188 189
a) R = OCH3
b) R = CH3
Although the configurations of the adducts of pyrazole to methyl
tetro]atelo4 and of pyrazole and substituted pyrazoles to propiolaldehyde

106 were not investigated, all of them, however, are

106

claimed in a patent
probably E, e.g. 189.
As has been shown for amine adducts to acetylenic esters, the E-con-
figuration may be a consequence of a thermodynamic equilibration. In this
respect, the reactions between 1,2,3-triazoles and acetylenic compounds
give interesting insights. The triethylamine catalyzed addition of di-
methyl 1,2,3-triazole-4,5-dicarboxylate and 4-phenyltriazole to ethyl
propiolate in acetone has been carefully examined by Tanaka and Mi]]er.107
1,2,3-Triazoles add through their N-2 to the triple bond, forming a
mixture of E- and Z-adducts {14 cps and 10 cps respectively). Initially,

more Z-adduct is formed establishing the kinetic preference for anti-

addition; eventually, the E-adduct predominates;107 see e.g. 190-193.
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H3C02Q‘ COCHy  Cs0y0 M
HO=C-CO,GHg + — ]

N L Nax-CO5CH3
H Ho N

N COZCHB
,197,
H\C _£0,CoHg
L Nsco.cH
/
H/ \N\ j: 2~13
NENC0,CHy
- 191
h
CszozcxcxH H\C/Cozcsz
HESCCOGHN N —= ¢ Ph o+ | Ph
N AN PR
S GRS O
N
192 193

The addition of pyrazole to DMAD can also be understood in such terms.
Initially, Reimlinger and Moussebois detected the E-adduct 195 in carbon
tetrachloride but not Z-isomer 194; a 1:1 mixture of E and Z could,
however, be obtained by sensitized illumination of 125_104,108 Later,

Huisgen, Giese and Huber11 demonstrated that under carefully controlled

CO,CHy H3C02C H

4 \  DMAD \c/ hod
W ] I
T e T T
H3CO,C
3602 N H3C02C” N
194

195
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conditions, the reaction of pyrazole with DMAD in methanol led to the Z-
adduct (194) of anti-addition as the predominant product; in dioxane 25%
of this adduct could still be observed. This establishes that in reality

the E-adduct is the product of thermodynamic control.

109

On the other hand the adducts of 2,3,4-trimethylpyrazole, of di-

107 110

methyl 1,2,3-triazole-4,5-dicarboxylate, and of indazole have been

described as presumably Z, but this assignment may be regarded with some
doubt.

The addition of pyrazoles to DMAD is largely accompanied by the for-
mation of 2:1 adducts. Pyrazole always gives the succinic ester 196 as a

104,109,111 In the cases of 3,5-d1methy1pyrazo]e,109 1,2,3-

110 110

by-product.

110

triazole, benzotriazole and 1,2,4-triazole only the 2:1-adducts

were obtained. No diastereomers were detected. Normally, the carbon-nitro-

N==
I
H3C0,C @ HyCO,C N

H N~N
\l/ \ClH/

CH
N

N
197

gen bond is formed through N-1, but in the case of indazole one molecule
110

HCOCH\

3

Z—Z

is bonded through N-1 and the other through N-2 (197).
A succinic ester derivative lggllo also resulted from the reaction

between 1,3-diphenyltriazene and DMAD; only traces of 199 were detected

and some 200 was formed by addition of the triazole generated by the

cycloaddition of DMAD and 1,3-dipheny]triazene.110
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Ph
|
HACO-C , N-N=NPh CO,CH
3“9l H P adic!
omMap ¢ \c
—_——

+ il

PhNHN=NPh 1
7N \
HN-N=NPh H300,C7 'N-N=NPh
Ph Ph
138 199
HCO,C H
ﬁ Ph

+ C CO,CH
273
H3COZC/ A :II
CO CH3

H3C0,C

Ph
200

H3C02(j COyCHy
+

NG A ]

N
H

PhC=C CHO

|

C C02CH3 C N COA~CH
Ve /
\MNI SN j 2CH3
CO,CH, N=">C0,CHy
201 202

Only one adduct of uncertain configuration was obtained from ethy]l
107

With dimethyl 1,2,3-triazole-4,5-dicarboxylate, phenylpropiolaldehyde

formed the two isomers 201 and 202, with other triazoles, the adducts

107

4-Hydroxypyrazole 203 reacted with DMAD preferentially at nitrogen

(204a) and both at nitrogen and hydroxyl but with different configurations
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(204b). 112
HO Ph Hacozc\C/H ) R=H
| Ph
. DMAD /g\ . H3C02C\C/H
H H3C02C N\ b R= 8
N Ph \
203 20 / CO,CH,

Bicyclic addition products are obtained from 3-aminopyrazoles and
acetylenic esters; the pyrazole nitrogen adds to the triple bond while the
amino group attacks the ester. Thus with 3-aminopyrazole MP and phenyl-

13

propiolate give only 205a and 205b respective]y.1 Methyl tetrolate gives

H R 0
N~ -N N
W oL LD
H H

205 206
a) R=H a) R=CHg
b) R =Ph by R-= C02CH3
c) R= CH3

11

both 205¢ and 206a but DMAD only the unexpected 206b. 3 Similar results

114,115

are obtained with 3-aminotriazoles. 3-Aminoindazole gives 207 with

ethyl propio]ate116’117; the corresponding pyrazolopyrimidones are obtained

NHy \

| HC=CCOCHy Cz(
/ Lt \N/

207

N
H

from 4,5,6,7-tetrahydro-3-aminoindazole and ethyl propiolate, tetrolate or
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pheny]pro’pio]ate.118 3-Amino-5-phenylpyrazole gives 208 with methyl phenyl-
propio]ate.119
h Ph
N-N
2 N O~ N
H H

208

Some pyrazolidinones have also been added to DMAD. In the case of the
2-phenyl derivative 209 the two isomers 210 and 211 and a ring-enlarged

diazepinone 212 (by internal cycloaddition/-reversion) were formed;120’121

f \ DMAD / \ / \
)\‘H )\‘\ /COZCH3 0 N\ /COZCHB

: Ve
Py Ph C
g@ H NCO,CHy  HyCONC
210 211
0
CO,CHy
.
N ~C05CH3
Ph
212

the same is true for different C-methyl- and -dimethyl derivatives. The
2-benzyl-5-methylpyrazolidinone forms only one adduct to which the maleic

ester structure has been assigned on the basis of the vinyl signal at

122 A hexahydropyridazinone has also been used but gave only a

122

5.2 ppm.
ring enlarged N-aminoazepinone derivative. 3-Cyanomethylpyrazolidine
adds to DMAD to give a mixture of the two stereoisomeric 1:1 adducts but
hexafluoro-2~butyne adds to each of the nitrogens to give products of

uncertain configurations.123
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Finally, two unusual addition reactions shall be mentioned.

Phthalazine adds to DMAD in methanol to give compound 213 (vinyl-H at

@ _DMAD _ ﬁl
CH4OH \ L0,CHy
c”
/C H
HCOZC
213

S
O« o~ CO,CHy

c':'—c02CH3
PhazNN
\f DMAD/Oy Ph
Ph

AcOH/ACOAC
CHy ©\

6.36 ppm).124 A triazine adds DMAD in the presence of oxygen to give the
125

3

stable, deeply colored zwitterion 214. Two similar compounds have also

been described.

VIII. ADDITION OF HYDRAZINES TO YNAMINES AND DIACETYLENES

1. Addition to Ynamines

Ynamines add hydrazines at C-1. This is one of the rare cases that

the addition is favoured by a donor group.

HiC-C=C-NIC,Help + RNHNRy —— HyC-CH=CL 2152
N-NR,

_ He)
HyC-C=C-NICyHg); * HN-NRy —— HyG-CHy=C{ C2R522

1hk
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Ynamines give geminal enamino-enehydrazines with 1,2-di- and tri-
substituted hydrazines but amidrazones with mono- or 1,1-disubstituted

hydrazines. Thus Viehe, Fuks and Reinstein prepared the crystalline azine

215 from dimethylamino phenylacetylene and hydrazines.126
Ph\ /Ph
H
PhC=CN(CH), MR CHa  GH

C C
(H3C)y N7 SN=NZ ">N(CHj),
215

A similar but liquid azine has been obtained from l-diethylaminopropyne.127

The reaction of this ynamine with hydrazines in carbon tetrachloride
was more extensively investigated. Four different enehydrazines of type
216 could be observed by nmr but were not isolated; they were extremely
labile and no configurations were given. Five amidrazones of type 217 were
distillable liquids; those derived from monosubstituted hydrazines were

127

sensitive to air. Similar results were reported for the addition of

hydrazine to l-dialky]amino—3-penten—1—ynes.128

H3C,
_N(CHg)y CHy
H4C CH=C\N_NHCH é
ty (CHg PN SN=N(CHg)

217

216

2. Addition to Diacetylenes

Even though diacetylenes react easily with hydrazines to pyrazoles,
no open-chained adducts have been so far reported. In 1968, two groups
described the formation of pyrazoles from diacetylenes and hydrazine in

good yie]ds.129’130

1Ls5
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CH,R a) R=H
H by R=CH
RC=C—C=CR —NZ——Z'—> R (2 /NE‘ c) R=Ph3
N d) R = CH,0H

28

The formation of pyrazolines from butenynylcarbinols and hydrazine

hydrate in good yields had previously been described.131
/CH3
CH-C<OH
CHyq NoH, CH,
HZC‘CH C=C- C OH —— N
CH, N~
H
219

Anhydrous monoalkylhydrazines preferentially lead to the 3-alkylpyra-
zoles 140a and 220a while in water the formation of 5-alkylpyrazoles 14la
and 22la and 221b is preferred.l32 Diphenyldiacetylene gave only 222 with
hydroxyethy]hydrazine.132 Semicarbazide gives the two isomers 220b and

132, but from 1,3-pentadiyne only 223 was obtained.133

HO=C— C=C RNHNH2 z “

1402 R = CHy 141a R = CH,
220a R = CHe 221a R = CHg
b R = COMH, b R = CHy-CH,OH
132 R = CONH,
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h CH,CHs
PhCH N N
2 N N
| |
CH,CHyOH CONH,
22 223

Compound 218a has also been prepared by first adding primary or secon-

dary amines to diacetylene followed by hydrazine. In this way 138b was

obtained with pheny]hydr‘azine.134

Base-catalyzed additions of pyrazoles to diacetylene gave the simple

adducts, e.g. 225.135

Bh CH=CH-C=CH

138b 224

147



12: 00 27 January 2011

Downl oaded At:

SUCROW

10.

11.
12.
13.

14.

15.

REFERENCES

M. V. George, S. K. Khetan and R. K. Gupta, Adv. Heterocycl. Chem.,
19, 279, 300 ff (1976).

. (a) M. Baumgart, Chem.-Ztg., 96, 361 (1972); (b), ibid., 100, 515

(1976); (c), ibid., 101, 118 (1977).

. V. Bardakos, W. Sucrow and A. Fehlauer, Chem. Ber., 108, 2161 (1975).

. R. Baumes, R. Jacquier and G. Tarrago, Bull. Soc. Chim. France, 1147

(1974).

. W. Sucrow and M. Slopianka, Chem. Ber., 105, 3807 (1972).

. R. Baumes, R. Jacquier and G. Tarrago, Bull. Soc. Chim. France, 260

(1976).

. M. K. Saxena, M. N. Gudi and M. V. George, Tetrahedron, 29, 101 (1973).
. R. Huisgen, K. Herbig, A. Siegl and H. Huber, Chem. Ber., 99, 2526

(1966).

. U. Wolf, W. Sucrow and H.-J. Vetter, Z. Naturforsch., 348, 102 (1979).

E. Winterfeldt, Neuere Methoden der Prdparativen Organischen Chemie,
Ed. W. Foerst, Vol. 6, p. 230, Verlag Chemie, Weinheim 1970; S. K.
Khetan, J. G. Hiriyakkanavar and M. V. George, Tetrahedron, 24, 1567
(1968) and literature cited therein.

R. Huisgen, B. Giese and H. Huber, Tetrahedronlett., 1883 (1967).

C. H. McMullen and C. J. M. Stirling, J. Chem. Soc. B, 1217 (1966).
H. W. Heine, T. R. Hoye, P. G. Williard and R. C. Hoye, J. Org. Chem.,
38, 2984 (1973).

R. G. Kostyanowskii, K. S. Zakharov, M. Zaripova and V. F. Rudchenko,
Izv. Akad. Nauk SSSR, Ser. Khim., 24, 875 (Engl. 791) (1975); CA, 83,
79120 (1975).

A. Fehlauer, K.-P. Grosz, M. Slopianka, W. Sucrow, W. J. S. Lockley
and W. Lwowski, Chem. Ber., 109, 253 (1976).

148



12: 00 27 January 2011

Downl oaded At:

16.
17.
18.
19.
20.
21.

22.
23.

24.

25.
26.

27.
28.
29.
30.
31.
32.

33.
34.
35.
36.
37.

REACTIONS OF ACETYLENES WITH HYDRAZINES

J. Pickardt and W. Sucrow, ibid., 109, 1411 (1976).
Sucrow and K.-P. Grosz, ibid., 109, 261 (1976).
Sucrow and K.-P. Grosz, ibid., 109, 2154 (1976).
Diels and J. Reese, Ann., 519, 147 (1935).

o o = =

. Diels and J. Reese, ibid., 511, 168 (1934).

E. H. Hunters, J. Bornstein and W. M. Hearon, J. Am. Chem. Soc., 78,
2225 (1956).

U. Wolf, W. Sucrow and H.-J. Vetter, Chem. Ber., 112, 3237 (1979).
V. M. Cherkasov, J. A. Nasyr and V. T. Tsyba, Khim. Geterotsikl.
Soedin., 1704 (1970); CA, 74, 100003 (1971).

J. Elquero, R. Jacquier and C. Marzin, Bull. Soc. Chim. France, 4119
(1970).

W. Sucrow, C. Mentzel and M. Slopianka, Chem. Ber., 107, 1318 (1974).
R. Baumes, R. Jacquier and G. Tarrago, Bull. Soc. Chim. France, 2547
(1974).

S. F. Nelsen, J. Org. Chem., 34, 2248 (1969).

C. Musante, Gazz. Chim. Ital., 67, 682 (1937); CA, 32, 4580 (1938).
J. Barluenga, F. Palacios and V. Gotor, Synthesis, 642 (1975).

E. Buchner, Ber., 22, 2929 (1889).

W. Wislicenus and A. Grossmann, Ann., 277, 375 (1893).

N. D. Heindel, P. D. Kennewell and M. Pfau, Chem. Commun., 757 (1969);
J. Org. Chem., 35, 80 (1970).

J. W. Lown and J. C. N. Ma, Canad. J. Chem., 45, 953 (1967).

M. D. Nair, Ind. J. Chem., 9, 104 (1971).

R. M. Acheson and J. M. Vernon, J. Chem. Soc., 1148 (1962).

W. Sucrow and M. Slopianka, Chem. Ber., 111, 780 (1978).

P. Bouchet, J. Elguero and J.-M. Pereillo, Bull. Soc. Chin. France,

2482 (1973).

1kg



12: 00 27 January 2011

Downl oaded At:

SUCROW

38.
39.
40.
41.
42.
43,

44,
45.
46.
47.
48.

49,

50.

51.

52.

53.
54.

55.
56.

57

58.

R
W.

M

W
W.
S.

. v. Rothenburg, Ber., 26, 1719, 2053 (1893).

Sucrow, F. Lubbe and A. Fehlauer, Chem. Ber., 112, 1712 (1979).
Libbe, W. Sucrow and D. Rau, Ann., 1696 (1979).

. Sucrow and K.-P. Grosz, Synth. Commun., 9, 603 (1979).

Sucrow, Unpublished results.

[. Yakimovich and V. A. Khrustalev, Zh. Org. Khim., 12, 949

(Engl. 957) (1976).

H
H
M
D
D

. Ahlbrecht and H. Henk, Chem. Ber., 108, 1659 (1975).

. Ahlbrecht and H. Henk, ibid., 109, 1516 (1976).

. Brugger, H. Wamhoff and F. Korte, Ann., 757, 100 (1972).

. J. LeCount and A. T. Greer, Tetrahedron Lett., 2905 (1973).

. J. LeCount and A. T. Greer, J. Chem. Soc., Perkin Trans. 1, 297

(1974).

R
M
M

. K. Gupta and M. V. George, Ind. J. Chem., 10, 875 (1972).
. N. Gudi and M. V. George, ibid., 10, 881 (1972).
. N. Gudi, J. G. Hiriyakkanavar and M. V. George, ibid., 9, 743

(1971).

N

. D. Heindel, G. Friedrich and M. C. Tsai, J. Heterocycl. Chem., 17,

191 (1980).

G
H

. Seybold and C. Heibl, Chem. Ber., 110, 1225 (1977).

. Sasaki, H. Sakata and Y. Iwanami, Nippon Kagaku Zasshi, 85, 704

(1964); CA, 62, 14678 (1965).

M
G

. D. Nair, Ind. J. Chem., 11, 109 (1973).

. Caronna and S. Palazzo, Atti Acad. Sci. Lett. Arti, Palermo,

part 1, 30, 31 (1969/70); CA, 77, 151835 (1972).

.M

C

. Franck-Neumann and G. Leclerc, Bull. Soc. Chim. France, 247 (1975).

. J. M. Stirling, J. Chem. Soc., 5863 (1964).

150



12: 00 27 January 2011

Downl oaded At:

59

60.
61.

62.

63.

64.
65.

66.
67.

68.

69.
70.
71.
72.
73.
74.
75.
76.

REACTIONS OF ACETYLENES WITH HYDRAZINES

G. Szilagyi e.a., Gedeon Richter, Budapest, Ger. Offen., 2, 825, 861
(C1. Co7D 237/20), 04 Jan 1979, Appl. 13 June 1978; CA, 90, 186 985
(1979).

T. Sasaki and K. Kanematsu, J. Chem. Soc. C, 2147 (1971).

C. Moureu and I. Lazennec, C. R. Acad. Sci., 143, 1239 (1906); Bull.
Soc. Chim. France, 1 r41, 1071 (1907).

K. Morita, N. Hashimoto and M. Saraie, Takeda Chem. Ind., Japan.
Pat. 7, 315, 305 (C1. CO7d, A61k) 14 May 1973, Appl. 20 June 1969;
CA, 79, 42496 (1973).

R. Fusco in Pyrazoles, Pyrazolines, Pyrazolidines, Indazoles and
Condensed Rings, ed. R. H. Wiley, p. 16, Interscience Publ., New York,
London, Sydney 1967.

T. Metler, A. Uchida and S. I. Miller, Tetrahedron, 24, 4285 (1968).
I. I. Lapkin and Yu. S. Andreichikov, Zh. Org. Khim., 2, 2075 (Engl.
2034) (1966).

H. B. Henbest, J. Chem. Soc., 4536 (1952).

G. Coispeau, J. Elguero and R. Jacquier, Bull. Soc. Chim. France, 689
(1970).

K. Bowden, I. M. Heilbron, E. R. H. Jones and B. C. L. Weedon, J.
Chem. Soc., 39 (1946).

R. B. Davis and D. H. Schreiber, J. Am. Chem. Soc., 78, 1675 (1956).
K. v. Auwers and B. Ottens, Ber., 58, 2060 (1925).

K. v. Auwers and W. Daniel, J. Prakt. Chem., 110, 235 (1925).

M. P.-L. Viguier, Ann. Chim. (Paris), £81 28, 433 (1913).

K. v. Auwers and H. Stuhlmann, Ber., 59, 1043 (1926).

R. Grandi, U. M. Pagnoni and R. Trave, J. Chem. Res. S, 327 (1979).
K. Bowden and E. R. H. Jones, J. Chem. Soc., 953 (1946).

D. Nightingale and F. Wadsworth, J. Am. Chem. Soc., 67, 416 (1945).

151



12: 00 27 January 2011

Downl oaded At:

SUCROW

77

78.
79.

80.

81.
82.
83.
84.
85.
86.
87.

88.
89.

90.
91.
92.

93.

94.

95

96.

. K. v. Auwers and H. Mauss, Ann., 452, 182 (1927).

L. Claisen, Ber., 36, 3664 (1903).

R. H. and P. Wiley, Pyrazolones, Pyrazolidones and Derivatives,
Interscience Publ., New York, London, Sydney, 1964.

T. L. Jacobs in R. C. Elderfield, Heterocyclic Compounds, p. 45,
J. Wiley, New York, 1957.

A. R. Katritzky and F. W. Maine, Tetrahedron, 20, 315 (1964).

H. Dorn, J. Prakt. Chem., 315, 382 (1973).

A. R. Katritzky and F. W. Maine, Tetrahedron, 20, 299 (1964).

G. A. Newman and P. J. S. Pauwels, ibid., 26, 1571 (1970).

T. Curtius and E. Kenngott, J. Prakt. Chem., 112, 314 (1926).

H. N. Al-dallo, Tetrahedron Lett., 875 {1970}.

F. G. Baddar, M. F. El-Newaihy and M. R. Salem, J. Chem. Soc. C, 836
(1269).

R. v. Rothenburg, Ber., 26, 1722 (1893).

A. F. Oskerko, Mem. Inst. Chem. Ukrain. Akad. Sci., 4, 195 (Ger. 202)
(1937); CA, 32, 3334 (1938).

G. Coispeau and J. Elguero, Bull. Soc. Chim. France, 2717 (1970).
F. Lingens and H. Scheider-Bernldhr, Ann., 686, 134 (1965).

E. Mgller and K. Meng, Bayer Leverkusen, Ger. Offen. 2, 363, 138
(C1. CO7D, A61K), 10 July 1975, Appl. 19 Dec 1973; CA, 83, 179051
(1975).

E. Moller and K. Meng, Bayer Leverkusen, Ger. Offen. 2, 363, 139
(C1. CO7D, A61K), 10 July 1975, Appl. 19 Dec 1973; CA, 83, 179050
(1975).

F. Feist, Ann., 345, 100 (1905).

. A. 0. Zoss and G. F. Hennion, J. Am. Chem. Soc., 63, 1151 (1941).
C. Moureu and I. Lazennec, C.R. Acad. Sci., 142, 1534 (1906).



12: 00 27 January 2011

Downl oaded At:

97.

98.

99.

100.
101.
102.
103.

104.
105.
106.

107.
108.
109.
110.
111.
112.

113.

114.
115.

116.

REACTIONS OF ACETYLENES WITH HYDRAZINES

N. Nakamura, Y. Kishida and N. Ishida, Chem. Pharm. Bull., 19, 1389
(1971).

W. Sucrow, M. Slopianka and V. Bardakos, Angew. Chem. Int. Ed., 14,
560 (1975).

L. K. DaTton, S. Demerac and B. C. Elmes, Aust. J. Chem., 33, 1365
(1980).

W. J. S. Lockley and W. Lwowski, Tetrahedron Lett., 4263 (1974).

H. W. Schiessl and R. Appel, J. Org. Chem., 31, 3851 (1966).

R. M. Acheson, Adv. Heterocycl. Chem., 1, 125 (1963).

R. M. Acheson and N. F. Elmore, Adv. Heterocycl. Chem., 23, 263
(1978).

H. Reimlinger and C. H. Moussebois, Chem. Ber., 98, 1805 (1965).

S. Hoffmann and E. Miihle, Z. Chem., 8, 419 (1968).

R. Kitzing, Ciba-Geigy, Ger. Offen. 2, 309, 525 (C1. CO8h1/00),

06 Sept 1973, Appl. 26 Feb 1973; CA, 79, 141521 (1973).

Y. Tanaka and S. I. Miller, Tetrahedron, 29, 3285 (1973).

H. Reimlinger and J. F. M. Oth, Chem. Ber., 97, 331 (1964).

R. M. Acheson and P. W. Poulter, J. Chem. Soc., 2138 (1960).

R. M. Acheson and M. W. Foxton, J. Chem. Soc. C, 389 (1968).

0. Diels and K. Alder, Ann., 498, 1 (1932).

P. J. Fagan, E. E. Neidert, M. J. Nye, M. J. 0'Hare and W.-P. Tang,
Canad. J. Chem., 57, 904 (1979).

H. Reimlinger, M. A. Peiren and R. Merényi, Chem. Ber., 103, 3252
(1970).

H. Reimlinger and M. A. Peiren, ibid., 103, 3266 (1970).

H. Reimlinger, W. R. F. Lingier, J. J. M. Vandewalle and R. Merényi,
ibid., 104, 3947 (1971).

B. Koren, F. Kaval, A. Petri, B. Stanovnik and M. Ti3ler,
Tetrahedron, 32, 493 (1976).

153



12: 00 27 January 2011

Downl oaded At:

SUCROW

117.

118.

119.
120.

121.

122.

123.

124.

125.

126.

127.

128.
129.

130.

131.

132.

M. Reimlinger, M. A. Peiren and R. Merényi, Chem. Ber., 105, 794
(1972).

S. Plescia, V. Sprio and M. L. Marino, J. Heterocycl. Chem., 10, 261
(1973).

V. Sprio and S. Plescia, J. Heterocycl. Chem., 9, 951 (1972).

S. N. Ege, E. Y. Tsui, R. L. Spencer, B. E. Potter, B. K. Eagleson
and H. Z. Friedman, Chem. Commun., 216 (1974).

S. N. Ege, M. L. C. Carter, R. L. Spencer, C. E. Nordman and H. Z.
Friedman, J. Chem. Soc. Perkin Trans. 1, 868 (1976).

S. N. Ege, M. L. C. Carter, D. F. Ortwine, Shang-Shing P. Chou and
J. F. Richman, J. Chem. Soc., Perkin Trans. 1, 1252 (1977).

F. J. Weigert, J. Org. Chem., 43, 622 (1978).

R. M. Acheson and M. W. Foxton, J. Chem. Soc. C, 2218 (1966).

H. Neunhoeffer, B. Lehmann and H. Ewald, Ann., 1421 (1977).

H. G. Viehe, R. Fuks and M, Reinstein, Angew. Chem. Int. Ed., 3,
581 (1964).

J.-P. Chapelle, J. Elguero, R. Jacquier and G. Tarrago, Bull. Soc.
Chim. France, 283 (1971).

W. W. Paudler and A. G. Zeiler, J. Org. Chem., 34, 999 (1969).

S. G. Matsoyan, E. G. Darbinyan and Yu. B. Mitardzhyan, Arm. Khim.
Zh., 21, 998 (1968); CA, 70, 96693 (1969).

S. E. Tolchinskii, I. A. Maretina and A. A. Petrov, Zh. Org. Khim.,
16, 1149 (Engl. 992) (1980).

S. G. Matsoyan and E. G. Darbinyan, Khim. Geterotsikl. Soedin., 3,
378 (1967); CA, 67, 108589 (1967).

E. G. Darbinyan, Yu. B. Mitardzhyan, A. A. Saakyan and S. G.
Matsoyan, Arm. Khim. Zh., 30, 332 (1977); CA, 87, 117811 (1977).

154



12: 00 27 January 2011

Downl oaded At:

133.

134.
135.

REACTIONS OF ACETYLENES WITH HYDRAZINES

Yu. A. Zaichenko, I. A. Maretina and A. A. Petrov, Zh. Org. Khim.,
8, 2605 (1972); CA, 78, 71996 (1973).

W. Schroth, J. Peschel and A. Zschunke, Z. Chem., 9, 110 (1969).

S. S. Bykova, N. T. Nosikova, E. N. Arikeeva, R. Ya. Mushii and L. S.
Lakhmanchunk, Russ. Pat. 432, 144 (Cl1. C07d), 15 June 1974, Appl.

12 July 1972; CA, 81, 77914 (1974).

(Received October 1, 1980; in revised frrm April 22, 1981)

155



