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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;~C,
monoalkyl hydrazines has been studied by the GLC method. It has been
shown that in the reaction of croton aldehyde with isopropyl 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 carbonyl compound, is formed. Eight previously-un-
known dialkyl-2-pyrazolines are described.

Until very recently it was considered that the struc-
ture of the pyrazolines obtained by the condensation of
hydrazines with unsaturated carbonyl compounds is

determined unambiguously by the structure of the latter.

The question of the possibility of the formation of iso-
mers in the closure of the pyrazoline ring was not even
posed, and the condensation products were ascribed
the structure of the carbon skeleton of the initial car-
bonyl reactant without proof. However, in an NMR and
GLC study of the products of the reaction of methyl
hydrazine with tiglaldehyde it was established [1] that
in addition to the two expected stereoisomeric 1,4, 5~
trimethyl~2 pyrazolines an appreciable amount of their
structural isomer—1, 3, 4-trimethyl-2-pyrazoline was
obtained. Furthermore, it has been shown [2] that in
the cyclization of the isopropyl hydrazones of unsatu-
rated aldehydes the main reaction product is a pyrazo-
line with a modified carbon skeleton, while the normal
pyrazoline is either not formed at all (from o-ethyl-
acrolein isopropylhydrazone) or is produced in very
small amount {cyclization of croton aldehydeisopropyl -
hydrazone). These facts have induced us to return to

a systematic study of the rearrangements accompany-
ing the closure of the pyrazoline ring. It was necessary
first of all to determine how widespread these rear-
rangements are and what features of the structure of
the reactants favor them. For this purpose, the sim-
plest unsaturated carbonyl compounds, croton aldehyde
and methyl vinyl ketone, were condensed with methyl,
ethyl, n-propyl, isopropyl, and isobutyl hydragzines
under the usual conditions —with the slow addition of
the carbonyl compound to the cooled alkyl hydrazine.
The pyrazoline fraction obtained by vacuum distillation
of the reaction mixture was studied by means of GLC
and IR spectroscopy. It was found that in the majority
of cases (in all 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 structure of which corresponded to the
initial carbonyl compound, was obtained. However, in
the condensation of methyl, isopropyl, and isobutyl
hydrazines with croton aldehyde a mixture of two iso-
meric pyrazolines was obtained in each case. The

second isomers were shownby GLC on stationary phases
of different polarities to be identical with the prod-
ucts of the reaction of the same alkyl hydrazines and
methyl vinyl ketone, i.e., with 1-alkyl-3-methyl-2-
pyrazolines:

i
e R
3 v,

CH,—CH=CH—CHO + H,N—NHR —:HQ—O<I R

a R=CHy; b R=7-CyH,; ¢ R=i-CH,

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 vibrations in the
C=N group unsubstituted in position 3 of the 2-pyraz-
olines at 1580 cm™ [3], the IR spectra of the three
substances obtained from croton aldehyde also had the
bands characteristic for 3-alkyl-2-pyrazolines at 1620
em™t [3] (see Table 1), the relative intensities of which
varied according to the areas of the peaks of the 1-
alkyl-3-methyl-2-pyrazolines on the chromatograms.
In the reaction of isobutyl hydrazine with croton alde-
hydes, the rearrangement product was isolated in the
form of a solution in CCly on a "Tsvet-3" chromato-
graph with a preparative attachment and was shown to
be identical with the 1-igsobutyl-3-methyl-2-pyrazo-
line from methyl vinyl ketone by the coincidence of the
bands in the "fingerprint® region.

The contents of anomalous product I in the mixture
with T amounted {according to GLC) to 34 and 169, in
the reaction with isopropy! and isobutyl hydrazines,
respectively, and only 1% in the case of methyl hydra-
zine. If this last case (with an extremely small amount
of anomalous product) is disregarded, it is appropri-
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 radi-
cal and the doukle bond of the carbonyl compound is
located in the center of the chain. It is precisely these
two factors—the structure of the alkyl radical of the
hydrazine and the position ofthe doublebond—that were
noted previously among the essential factors deter-
mining the possibility of the closure of pyrazoline
rings in the reactions of unsaturated carbonyl com-
pounds with alkyl- and dialkyl hydrazines [4-6]. When
croton aldehyde was condensed with isopropyl hydra-
zine, the reaction mixture contained, in addition to
pyrazolines, a considerable amount of the unsaturated
hydrazone and, probably, its dimer, and in the reac~
tion with isobutyl hydrazine high-boiling substances



KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

-Aydeigojewmonyo pimbip-ses 4q uoreoyund s1039q eouBiIsqus oY} 3O PIoIL pue de,

£291]%9°86 [86°61{ 2261 ‘6861 | INHED [60¥1|¥SeT ‘L8el|8V'EV] ¥8'EV{SLET 87201 | BOSITIRESY'] {85980 aﬁ.o.? ““““ gz, | H 1 *HD [*HD7
osarl dmo lgealiizer ‘o6l | ANTMIED [govi|azet ‘ool ieb el | OF'ev|L9ea]{9'e01) OShh 1)08P 1 |6V08°0 | «(S8) C12—660 | SHD | H |°H'D?
oect|%zes 66| 2661 0108 | NCHED |oov1) 2881 zeel | 8Fe| aher|09°63 |00 | OSE 1 |pesh 1 [veL80 | (98) 86.—06L | *HD | H [|H'DW
czor| dmo Jozgz|vege toozs | ANTHO |eesi|oesr Lop |esse| 1ree|asra|aetl [avsy 1 |pLght [Loss0) (98) ¥ 19619 | H | *HD [ ‘H'DY
ez0t|% coe |0z zz]seTe 172z | ANFHID |zozifseal tegzt|ewee | ¥89e|18tE (2011 1vey 1 |azer 1 |oegg0 | (91) 059 H { *HD |‘HD¥
L1S11%9°66 [05°25| 1€66 8145 | *N"'H'D {Z'931|@'VZ] ‘1971 |€8'8E| 8L'BE 6665 | €801 VBPYT VISY | |GLI8D {96) 06o—S19 | *HD | H |‘HOW¥
gzot| 4o 86v3) 219z ‘eres | NFTHOD |2311| 001 0801 |6Ive|SIvelesas (VI |61sh | 1gey T [cleg0] (19) 009—8'¢9 | H | *HD | °H®

08S1] 41D [86°52] 20°0. Z1'eZ | IN'H®D |2'211| 2811 HOIT| 6178|008 |S6FE | VoIt |eLvp E|S06H | [9£88°0 ] «(08) 8°06—9°09 | *HD H SHD

802

0 -2 8 8 8 8 >
o 13T g g gl 2|33
= = punoyg = punog = £ a -
o - =] » & = [ <
o = BINULIO = - ww *ainssaad
= fung) & ﬂmow..:QEm a a = P o'P ¢ dm ) Rl 4 R
s 1 D, ‘dg
. (01d0050410)
% ‘N 1ySTom IBMOS[O Taw
ty
1
z,\ u)nz au01o3 14AUIA [AYIOIN PUB 9pAYSPIY U0I0ID WOIY POUTEBIO gourjozeiAd-g-1AY[BIQ 1ENPIATPUL
3
vu\l
T o198L



CHEMISTRY OF HETEROCYCLIC COMPOUNDS

803

Table 2

Ratios of the Retention Times of the 1-Alkyl-3-methyl-2-pyrazolines
to Those of the 1-Alkyl~5-methyl Isomers

Stationary liquid phase
Alkyl Cyanoethylated Triethanolamine + Apiezon L
mannitol (10%) polyethylene glycol, (10%)
1:1{15%)
Meihyl 1.57 1.60 1.63
Ethy) 1.84 1.65 1.41
n-Propyl 1.62 L.75 1.42
Isapropyl 1.45 | .98 1.39
Isobuty! 1.47 1.59 1.41

which underwent conversion into pyrazolines on dis-
tillation 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
eyclization by addition to the C=C double bond.

EXPERIMENTAL

The alkyl hydrazines were prepared by the alkylation of hydrazine
hydrate by the method of Kost and Sagitullin {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 o, A-unsatur-
ated carbonyl compounds,” With ice-salt cooling and stirring, an equi-
molar amount of unsaturated carbonyl compound was added dropwise
to an alkyl hydrazine (0.1-0.5 mole). The temperature of the reaction
mixture was kept between —10 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 column (12
theoretical plates) in a current of nitrogen.

The main fraction, collected in a range of about 1° C with a yield
of 88-64%, was subjected to chromatographic analysis, To obtain
more accurate constants, samples of 1-ethyl-5-methyl- and 1-isobutyl
~o-methyl-2-pyrazolines were purified additionally by preparative gas
chiomatography. 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, 74 g (1 mole) of isopropyl hydrazine and
70 g (1 mole) of croton aldehyde yielded, after drying, 124 g of or~
ganic layer (n D 1.4870)., Vacuum dxstlllauon at 26 mm furnished the
following fraction: 1) 3’7-—55 5° C; n?) 1.4890; 6.3 g (84% of Ib, 3.4%
of Ib); 2) 55.5-64.5° C; n 2 1.4520; 21 .28 (58.4% of of Th, 38.7% of
Iib and 2.8% of l-isopropyl 3-methylpyrazole; the total yield of pyraz-
olines was 17% of theoretical); 3) 64.5-83.0" C; n? D 1.4660; 6.0 g, an
intermediate fraction; 4) 83.0-83.5° G; nzlg 1.4936; 20.3 g (16.2%),
croton aldehyde isopropyl hydrazone. The residue amounted to0 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 Ib by chemical methods has been given previously
[2] for fractions of similar composition.

The redistillation of fractions 8 and 4 yielded croton aldehyde iso-
propyl hydrazone with bp 85.5-86.2" C (27 mm); d¥ 0,8519; n??

*The synthesis of 1-n-butyl- 5-methyl-2-pyrazoline and of 1-isopropyl~
3-methyl-2-pyrazoline was performed by graduate students N. B, Bur-
marova and E. A. Zagradina.

1.0516; 0} 1.4954, Apc 204.45; wpep 40,77, Found, % N 22.11,
21.81; mol. wt, 129.6, 128.5; MRp) 43,45; EMp 3.28. Calculated for
CrEyaNy, %: 22.20; mol. wt, 126.3; MRy 40.22. IR spectrum, cm™:
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 87.8 (30%) of a fairly
viscous liquid with bp 125~128" C (3 mm); d% 0.9573; %)) 1.5079;
MRy, 78.86; mol. wt, 255.9; 244.8. Calculated for CiqHyeNy, %ot MRy
78.25 {one C=C and one C=N bond); mol, wt. 252.6. The substance
reduced Fehling's solution on heating witn cuprous oxide (like hydra-
zones). IR spectrum, cm™ls 3420 (N—H), 1678 (C=C), and 1625
(C=N). The product is apparently a mixture of ¢yclic dimers of cro-
ton aldehyde isopropyl hydrazone similar to those formed in the reac-
tion with methacrolein [97].

Reaction of isobutyl hydrazine with eroton aldehyde, Under tne
same conditions, 220 g (0.25 mole) of isobutyl hydrazine and 17.5 g
. 25 mole) of croton aldehyde gave 34.8 g of an organic layer
(n 1.4734), The followmg fractions were isolated in a vacuum of
25 mm: 1) 65-69.5'; nD 1.4440; 1.0 g (93% I); 2) 69.5- 171, 5% nD
1.4474; 14.2 g {41%; mixture of 84,2% of IC and 15.8% of TCY; 3)

71 5-97; 0'D 1.4545; 4.0 g (5.6% of IC, 78.3% of 1IC ) 4) 97-110°;
“D 1.4962; 8.3g. The residue consisted of 4.3 g of a resin.

By preparative chromatography, chromatographlcally pure Ic
(Table 1) and a solution of He in CCly were isolated from fraction 2,
The high-bolling fraction 4 was readily converted on distiliation or
chromatography into a mixture of the pyrazolines Ie and He, and
darkened very rapidly on standing.

Gas-liquid chromatography. The pyrazolines descrited 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 alkyl 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 pyrazolines during chromatography. It
was impossible to obtain reproducible chromatograms for such sub-
stances even in glass columns and with the complete exciusion of con~
tact with metal surfaces and the introduction of the sample ditecily
into the column with a glass capillary [10],

The analysis of the pyrazolines was carried out on ®Tsvet-1" and *
"Tsvet-37 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 i-alkyl-3-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 1-ethyl-5~methyl-
2-pyrazoline was carried out in a meter steel column with aidiameter
of 15 mm containing 15% of a mixture of treithanolamine and poly-
ethylene glycol~4000 (1:1) on TND-TS-M (0,3~0.5 mim}, and the
separation of 1-isobutyl-3-methyl~ and 1-isobutyl-5-methyl-2-py-
razolines was carried out on & 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 iso-
tated 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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