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REARRANGEMENTS IN THE FORMATION OF PYRAZOLINES FROM ALKYL 
HYDRAZINES AND UNSATURATED CARBONYL COMPOUNDS 
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The isomeric composition of the 2-pyrazolines obtained by the con- 
densation of croton aldehyde and methyl vinyl ketone with C t -C4 
monoalkyl hydrazines has been studied by the GLC method. It has been 
shown that in the reaction of croton aldehyde with isepmpyl hydrazine, 
isobutyl hydrazine, and, to a smaller extent, with methyl hydrazine, 
in addition to the 1-alkyl-5-methyl-2-pyrazolines the 1,3-isomers are 
formed. In other cases, only one pyrazoline, corresponding to the 
structure of the carbonyi compound, is formed. Eight previously-un- 
known dialkyl-2-pyrazotines are described. 

Until very recent ly it was considered that the s t ruc -  
ture  of the pyrazolines obtained by the condensation of 
hydrazines with unsaturated carbonyl compounds is 
determined unambiguously by the s t ructure  of the lat ter .  
The question of the possibi l i ty of the formation of i so-  
mers  in the closure of the pyrazoline r ing was not even 
posed, and the condensation products were ascr ibed 
the s t ructure  of the carbon skeleton of the ini t ial  c a r -  
bonyl reactant  without proof. However, in an NMR and 
GLC study of the products of the react ion of methyl 
hydrazine with tiglaldehyde it was established [1] that 
in addition to the two expected s te reoisomer ic  1, 4, 5- 
t r imethyl -2  pyrazolines an appreciable amount of their  
s t ruc tura l  i s o m e r - - l ,  3, 4 - t r imethyI-2-pyrazol ine  was 
obtained. Fur thermore ,  it has been shown [2] that in 
the cyclization of the isopropyl hydrazones of unsatu-  
rated aldehydes the main react ion product is a pyrazo- 
line with a modified carbon skeleton, whiIe the normal  
pyrazoline is either not formed at all (from a -e thy l -  
acrole in  isopropylhydrazone) or is produced in very 
small  amount (cyelization of croton aldehydeisopropyl 
hydrazone). These facts have indnced us to re tu rn  to 
a systematic  study of the r ea r rangements  accompany- 
ing the closure of the pyrazoline r ing .  It was necessary  
f i r s t  of all to determine how widespread these r e a r -  
rangements  are  and what features of the s t ructure  of 
the reactants  favor them. For  this purpose, the s i m -  
plest  unsaturated carbonyl compounds, croton aldehyde 
and methyl vinyl ketone, were condensed with methyl, 
ethyl, n-propyl,  isopropyl, and isobutyl hydrazines 
under the usual  conditions--with the slow addition of 
the carbonyl compound to the cooled alkyl hydrazine. 
The pyrazoline fraction obtained by vacuum dist i l lat ion 
of the reaction mixture was studied by means of GLC 
and IR spectroscopy. It was found that in the major i ty  
of cases (in nil the experiments with methyl vinyl ke-  
tone and also in the reaction of croton aldehyde with 
methyln-propyl,  and n-butyl  hydrazines) only one pyr-  
azoline, the s t ructure  of which corresponded to the 
init ial  carbonyl compound, was obtained. However, in 
the condensation of methyl, isopropyl, and isobutyl 
hydrazines with croton aldehyde a mixture of two i so-  
mer ic  pyrazolines was obtained in each case. The 

second i somers  were shown by GLC on stat ionary phases 
of different polari t ies  to be identical with the prod- 
ucts of the react ion of the same alkyl hydrazines and 
methyl vinyl ketone, i . e . ,  with 1 -a lky l -3-methy l -2-  
pyrazolines:  

----N" ' 

CI%--CH=CH--CHO + H2N--NHR / I I~ 
-..~o ~ ~f ~ ' N  ct~ 

a R:CiI3; b R i-CaHr; c R= I-C4H ~ 

R If 

The formation in these cases of mixtures  of pyraz-  
olines with and without the substituent in position 3 
was also confirmed by IR spectroscopy. In addition to 
the strong bands of the stretching vibrat ions in the 
C = N  group unsubstituted in position 3 of the 2-pyraz-  
olines at 1580 cm -1 [3], the IR spectra of the three 
substances obtained from croton aldehyde also had the 
bands character is t ic  for 3-a lkyl -2-pyrazol ines  aL 1620 
cm -1 [3] (see Table 1), the relat ive intensi t ies  of which 
var ied  according to the areas of the peaks of the 1- 
a lkyl -3-methyl -2-pyrazol ines  on the chromatograms.  
In the react ion of isobutyl hydrazine with croton alde- 
hydes, the rea r rangement  product was isolated in the 
form of a solution in CC14 on a "Tsvet-3" chromato-  
graph with a preparat ive attachment and was shown to 
be identical with the 1- i sobuty l -3-methyl -2-pyrazo-  
line from methyl vinyl ketone by the coincidence of the 
bands in the "fingerprint" region. 

The contents of anomalous product II in the mixture 
with I amounted (according to GLC) to 34 and 16% in 
the react ion with isopropy[ and isobutyl hydrazines,  
respectively,  and only 1% in the case of methyl hydra-  
zinc. If this last  case (with an extremely smal l  amount 
of anomalous product) is disregarded,  it is appropr i -  
ate to mention that the change in the carbon skeleton 
in the formation of the pyrazolines takes place when 
the alkyl hydrazine has a secondary or branched rad i -  
cal and the double bond of the carbonyl compound is 
located in the center of the chain. It is precise ly  these 
two factors-- the s t ructure  of the alkyl radical  of the 
hydrazine and the position of the doublebond--that were 
noted previously among the essent ia l  factors de ter -  
mining the possibili ty of the closure of pyrazoline 
r ings in the react ions of unsaturated c~.rbonyl com- 
pounds with alkyl-  and dialkyl hydrazines [4-6]. When 
croton aldehyde was condensed with isopropyl hydra-  
zinc, the reaction mixture contained, in addition to 
pyrazolines,  a considerable amount of the unsaturated 
hydrazone and, probably, its d imer ,  and in the r eac -  
tion with isobutyl hydrazine high-boiling substances 
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Table 2 

Ratios of the Retention Times of the 1-Alkyl-3-methyl-2-pyrazolines 

to Those of the 1-Alkyl-5-methyl Isomers 

Alkyl 

Methyl 
Ethy! 
n-Propyl 
lsopropyI 
lsobutyl 

Stationary liquid phase 

Cyaaoethylated 
mannitol (10%) 

1.57 
1.84 
1.62 
1.45 
1.47 

Triethanolamine + 
polyethylene glycol, 

1:1 (55%) 

1.60 
1 6 5  
1.75 
1,58 
1 5 9  

Apiezon L 
(to%) 

1.63 
1.41 
1.42 
1.39 
[.41 

which underwent conversion into pyrazolines on dis- 
tiIlation were again obtained. Thus, the impression is 

created that the formation of the isomeric pyrazolines 
is connected in some way with the sterio conditions of 

the closure of the ring. As a preliminary working hy- 
pothesis one may adopt the assumption that the forma- 
tion of the pyrazolines is accompanied by rearrange- 
ments in those cases in which there is hindrance to 

cyclization by addition to the C= C double bond. 

E X P E R I M E N T A L  

The alkyl hydrazines were prepared by the alkylation of hydrazine 
hydrate by the method of Kost and Sagitulliu [7], with some improve- 
ments [8]. Yields and constants corresponded to those given previously 
[8]. The croton aldehyde and methyl vinyl ketone were commercial 
materials additionally distilled through a column and free from iso- 
mers (according to GLC). 

Synthesis of 2-pyrazoline from alkyl hydrazines and a,  ~unsatur- 
ated earbonyl compounds,* With ice-salt cooling and stirring, an equi- 
molar amount of unsaturated carbonyl compound was added dropwise 
to an aikyl hydrazine (0.1-0.5 mole). The temperature of the reaction 
mixture was kept between - t 0  and +20 ~ C. After the end of the addi- 
tion, the reaction mixture was stirred at room temperature for another 
1-2 hr and the products were salted out, dried with potassium carbon- 
ate for a day, and distilled in vacuum through a Vigreux eotumn (12 
theoretical plates) in a current of nitrogen. 

The main fraction, collected in a range of about I ~ C with a yield 
of 38-64%, was subjected to chromatographic analysis, To obtain 
more accurate constants, samples of 1-ethyl-5-methyl- and 1-isobutyl 
- 5- methyl- 2- pyrazolines were purified additionally by preparative gas 
chromatography. The characteristics of all the individual pyrazolines 
obtained for the first time are given in Table 1. 

Reaction of isopropyl hydrazine with croton aldehyde. Under the 
conditions described above, q4 g (1 mole) of isopropyl hydrazine and 
70 g (1 mole) of croton aldehyde yielded, after drying, 124 g of or- 
ganic layer (n2~ 1.4870). Vacuum distfllatiou at 26 mm furnished the 
following fraction: 1) 37-55.5 ~ C; n~ 1.4390; 6.3 g (84% of Ib, 3~ 
of I~); 2) 5 5 . 5 - 6 4 . 5  ~ C; n2~ 1.4520; 21.2g (58.4% of of re, 33.7% of 
lib and 2.8% of 1-isopropyI-3-methyIpyrazole; the total yield ofpyraz- 
olines was 17% of theoretical);3) 64.5-88.0" C; nZ~ 1.4860; 6.0 g, an 
intermediate fraction; 4) 8S.0-83.5 ~ C; n~ 1.4936; 20.8 g (16.2%), 
croton aldehyde isopropyl hydrazone. The residue amounted to 62.4 g. 
The compositions of the fractions were determined by gas-chromato- 
graphic analysis. A more complete proof of the structure of the py- 
razolines Ib and lib by chemical methods has bee n given previonsIy 
[2] for fractions of similar composition. 

The ~edistillation of fractions 3 and 4 yielded croton aldehyde iso- 
pr0pyl hydrazone with bp 85.5-86.2 ~ C (27 ram); d~4 ~ 0.8519; n ~~ 

*The synthesis of 1-n-butyl*5-methyl-2-pyrazoline and of 1-isopropyt- 
3-methyl-2-pyrazoline was performed by graduate students N. B. Bur- 
manova and E. Ao Zagradina. 

1.0516; n~ 1.4954, AFC 204.45; a, FC D 40.77. Found, %: N 22.11, 
21.81; reel. wt. 12%6, 128.5; MR D 43.45; EM D 3.23. Calculated for 
CTH14N :, %: 22.20; reel. wt. 126.3; MR D 40.22. IR spectrum, cm-l: 
1655 and 1581 (C=C--C=N), 3236 (N--H) and 3031 (H--C=). The 
substance was unstable and was readily converted into a pyrazoline on 
distillation [2]. 

The residue was distilled separately, giving 37.8 (30%) of a fairly 
viscous liquid with bp 125-128 ~ C (3 ram); d~ 0.95%; nZl% 1.5079; 

MR D 78.66; moI. wt. 255.9; 244.8. Calculated for Ct4H2~N4, %: MR D 
78.25 (one C=C and one C=N bond); moI. wt. 252.6. The substance 
reduced Fehling's solution on heating wttn cuprous ox~de (like hydra- 
zones). IRspeetrum, era'l: 3420 (N--H), 1678 (C=C), and 1625 
(C=N). The product is apparently a mixture of cyclic dtmers of cro- 
ton aldehyde isopropyl hydrazone similar to those formed in the reac- 
tion wttt] methacrolein [9]. 

Reaction of isobutyl hydrazine with eroton aldehyde. Under me 
same conditions, 220 g (0.25 mole) of isobutyl hydrazine and 17.5 g 
(0.25 mole) of croton aldehyde gave 34.8 g of an organic layer 
(n~i~ 1.4734). The following fractions were isolated in a vacuum of 

25 ram: 1) 66-69.5"; nZl~ 1.x440; 1.0 g (93% !r:); 2) 69.5-71.6~ n~i% 
1.4474; 14.2 g (41%; mixture of 84.2~/o e r i c  and 15.8%of IIC); u) 
71.5-97~ nZ1% 1.4545; 4.0 g (5.6% of IC, 78.3% of lie ); 4)97-110~ 
n~i~ 1.4962; 8.3g. The residue consisted of 4.3 g of a resin. 

I~y preparative chromatography, chromatographically pure Ie 
(Table 1) and a solution of lie in CCla ~;ere isolated from fraction 2. 
The high-boiling fraction 4 was readily converted on distillation or 
chromatography into a mixture of the pyrazolines Ie and lie, and 
darkened very rapidly on standing. 

Gas-liquid chromatography. The pyrazolines described in the pres- 
ent paper are fairly stable compounds and can be subjected to chro- 
matographic analysis not only in glass but in steel columns at temper- 
atures of up to 130 ~ C. However, when high-boiling fractions were 
isolated from the product of the reaction of alkyI hydrazines with un- 
saturated carbonyl compounds, the chromatographic analysis of these 
fractions or of the reaction mixtures themselves could not be used since 
they were tenaciously retained in the column, underwent decomposi- 
tion, and were converted into pyrazoiines during chromatograpl~y. It 
was impossible to obtain reproducible chromamgrams tor such sub- 
stances even in glass columns and with the complete exclusion of con- 
tact with metal surfaces and the introduction of the sample direody 
into the column with a glass capillary [10]. 

The analysis of the pyrazolines was carried out on "Tsvet-1 ~ and ' 
~Tsvet-3 ~ chromatographs fitted with glass or metal columns, as de- 
scribed previously. In all cases the low-boiling 1-alkyl-5-methyl-2- 
pyrazolines had shorter retention times than the 1.-alkyl-~-methyl-2- 
pyrazolines isomeric with them (see Table 2). 

Preparative separation was carried out in an attachment to the 
"Tsvet-3 ~ chromatograph. The purification of the l-ethyI-5-methyl- 
2-pyrazoline was carried out in a meter steel eo!tlmn with aidiameter 
of 15 mm containing 159 of a mixture of treithanotamine and poly- 
ethylene glycot-4000 (1 : ! )  on TND-T$-M (0.3-0.5 ram), and the 
separation of 1-isobutyl-3-methyl- and I-isobutyl-5-methyl-2-py- 
razolines was carried out on a meter column containing 25% of poly- 
(ethylene glycol adipate) on the same support. Nitrogen was used as 
the carrier gas (at a rate of 300-500 ml/min). The substances /so- 
fated after preparative chromatography in amounts of up to 5 g were 
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subsequently distilled in order to free them from traces of the station- 
ary liquid phase. 
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