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Acetaldehyde readily condenses with its monalkyl hydrazones with the 
form ation of 1- alkyl-5- methyl-2- pyrazolines. A number of pure 2- 
pyrazolines have been synthesized in this way with yields of 40-60%. 
In the condensation of propionaldehyde with its isopropyl hydrazone, 
because of the occurrence of rearrangements and the nonstereospecific- 
ity of the process, a mixture of structural and stereoisomeric 2-pyrazolines 
is formed. The promising eondensation of aldehydes with monalkylhydra- 
zones of other aldehydes and ketones is accompanied by "transhydrazona- 
tion," which limits the preparative possibilities of this reaction. 

In the p repa ra t ion  of alkyl hydrazones  of a l iphat ic  
aldehydes,  it  ha s  been observed  [1] that,  in addition to 
the normal  condensation products ,  pyraze l ines  a r e  
formed.  Thus, the reac t ion  of ethyl hydrazine  and 
acetaldehyde gave a 31% yie ld  of 1 - e t h y l - 5 - m e t h y l - 2 -  
pyrazol ine .  It was natura l  to a ssume that the p y r a z o -  
l ines  a re  the products  of a secondary  condensation of 
the hydrazone formed with the aldehyde. Until recent ly ,  
such reac t ions  were  unknown in the hydrazone se -  
r i e s ,  although their  c loses t  analogs,  a ld imines ,  r eac t  
with one another with the format ion  of aminoimines  
and the subsequent spl i t t ing out of an amine [2], and 
a lso  with carbonyl  [3] and other  compounds having an 
act ive methylene group in the manner  of an aldol con- 
densat ion [4]. In the concluding s tage of the p re sen t  
work, a paper  was published on the synthes is  of p y r a z -  
9lines f rom methyl hydrazine and aldehydes [5], the 
authors  of which l ikewise  cons idered  the pyrazo l ines  
as  products  of the in terac t ion  of the in i t i a l ly - fo rmed  
hydrazones  with an excess  of the aldehydes and con- 
f i r m e d  this assumption by obtaining 5 - h e x y l - l - m e t h y l -  
4 -pen ty l -2 -py razo l ine  f rom heptanal methyl hydrazone 
and heptanal .  

The poss ib i l i ty  of the condensation of monalkyl hy-  
d razones  with a ldehydes is of undoubted theore t ica l  in-  
t e r e s t ,  and its p rac t i ca l  impor tance  could l ie  in the 
synthes is  of pyrazol ines  diff icult ly a c c e s s i b l e  because  
of the l imi ta t ions  inherent  in the method of condensing 

*From' the  text  of the thes i s  of N. B. Burmanova,  
defended in May, 1967. 

hydraz ines  with a, B-unsaturated carbonyl  compounds 
[6] or  because  of the difficulty of obtaining the init ial  
unsa tura ted  compound. The special  invest igat ion that 
we have undertaken in this  connection has shown that 
aldehyde monoalkyl hydrazones  genera l ly  reac t  with 
a ldehydes with a spontaneous r i s e  in t empe ra tu r e  to 
50-60 ~ C and the format ion  of pyrazo l ines :  

R'CH--CH 
~N.N=C.Cn#' ~ e"c,o - -  R"~. ~ + "2~ 

\ N  / 
R 

The condensation of acetaldehyde with i ts ethyl, n -  
propyl ,  n-butyl ,  and isopropyl  hydrazones  yielded the 
cor responding  1 - a l k y l - 5 - m e t h y l - 2 - p y r a z o l i n e s  with 
y ie lds  of of the o rde r  of 40-60% (see table).  Unlike 
hydrazines  with p r i m a r y  r ad ica l s ,  aceta ldehyde i so -  
propyl  hydrazone reac ted  far  less  readi ly :  it  was 
n e c e s s a r y  to boil  the reac t ion  mixture  with an excess  
of the aldehyde in o r d e r  to obtain 1 - i sop ropy l -5 -me thy l -  
2 -pyrazo l ine  with a yield of 49%. It is in teres t ing  to 
note that, according to GLC, this  product  was not con- 
taminated  with 1 - i sop ropy l -3 -me thy l -2 -py razo l i ne ,  
while the condensation of i sopropyl  hydrazine with c ro -  
tonaldehyde forms  a mixture  of i some r s  [7]. 

The condensation of propionaldehyde with i ts i so -  
propyl  hydrazone r equ i r e s  s t i l l  more  severe  conditions. 
Only af ter  prolonged boil ing of the react ion mixture  was 
i t  poss ib le  to obtain a pyrazol ine  f rac t ion which, how- 
ever ,  contained, in addition to the expected 5 -e thy l -1 -  
i s o p r o p y l - 4 - m e t h y l - 2 - p y r a z o l i n e  (I) i ts  s t ruc tu ra l  i so -  
m e r - - 3 - e t h y l -  1- isop ropy l -4 -me thy l -  2 -pyrazol ine  (II), 
which was shown by the GLC method to be ident ical  
with the substance obtained f rom isopropyl  hydrazine 
and isopropenyl  methyl ketone [7]. 

CH CH--CIt 31 tl 
C2HsCII N I 

\ N /  
I 
CH(CH~)2 

(CH3~2CIhNIt--N~CHCH2Ctt 3 + CH3CH2CltO cis and trans. 

C"~H--~C2"~ 

1t2C b~ II \ N /  
I 
OH(nil3) 2 

Composit ion of the 1 -A lky l -5 -me thy l -2 -py ra z o l i ne s  Obtained by the 
Condensation of Acetaldehyde with i ts Monoalkyl Hydrazones  

Compound 

1-Ethyl-5-methyl-2-pyrazo[ine 
1 -n-Pro pyl-5-rnethyl-2-pyrazoline 
1 -n-Butyl- 5-methyl-2-pyrazoline 
1 -Isopropyl- S -methyl-2-pyrazoline 

j J A'fRj~ 
Bp, ~ nD2O 
(pressure, ram) i d J~ found I cal- . 

i [ culatea 

320-32.G (]01 0.s%5! 1.4504i, 34.31 j '34.18 
57.5--57.9 (50) 0.8764 1.4512 i 38.73 38.83 
78.9--79.8 (25) 0.8731 1.45321 43.43 43.48 
51.0--51,7 (26) 10,8826 1.4518[ 38.50 88.60 

39 
59 
40 
49 



806 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

Thus, in the condensation of propionaldehyde i so-  
propyl  hydrazone with propionaldehyde a par t ia l  (50%) 
r e a r r a n g e m e n t  apparent ly  takes place.  On the bas i s  of 

3 4, S (i 7 8 9 IO 
~:, ppm 

Fig.  1. PMR spec t rum of the mix ture  of 
pyrazo l ines  obtained f rom propiona lde-  

hyde and i ts  i sopropyl  hydrazone.  

the PMR spec t rum (Fig.  1), showing the absence f rom 
the reac t ion  products  of al l  the s t ruc tu ra l ly  i s o m e r i c  
2 -pyrazo l ines  CoH18N z apa r t  f rom 3- (or  5 - )e thy l -1-  
i s o p r o p y l - 4 - m e t h y l - 2 - p y r a z o l i n e  (absence of HN s ig -  
nals  with T 4 . i - 4 . 2  ppm, CH3NCH3C 8 and CH3C ~ at  7.3, 
8.2, and 8.8 ppm, respec t ive ly ,  and the p resence  of 
two HC 3 s ignals  z 3.55 and 3.78 ppm), i t  can be stated 
that both s t e r e o i s o m e r s  of I a r e  formed.  The PMR 
spec t rum of the 5 - e t h y l - i ,  4 -d ime thy l -2 -py razo l ine  ob-  
tained f rom methyi hydrazine and propionaldehyde [5] 
a lso  contained two HC 3 .signals, which were  e r roneous ly  
in te rp re ted  by Rabjohn et al. [5] as a doublet with 
J = 14 ttz {the value of JHC in the 2 -pyrazo l ines  does 

3 f not exceed 2 Hz [8]). The s imultaneous format ion o 
the cis and t rans  i somer s  in a lmos t  equal amounts 
shows the nons te reospec i f i c i ty  of the condensation of 
aldehyde monoalkyl hydrazones  with a ldehydes .  

It appeared  of in te res t  to c a r r y  out the condensation 
of an aldehyde with a monoalkyl  hydrazone of a d i f f e r -  
ent aldehyde, which would enable the r ad ica l s  in pos i -  
t ion 4 and 5 of the pyrazol ine  synthesized to be va r ied .  
When propionaldehyde n-propyl  hydrazone was con- 
densed with acetaldehyde and when acetaldehyde n-  
propyl  hydrazone was condensed with propionaldehyde,  
mix tures  of four 2 -pyrazo l ines  of identical  compos i -  
t ions were  obtained (Fig. 2, a and b). This resu l t  may 
be cons idered  as  the consequence of the d i sp lacement  
of the aldehyde res idue  of the hydrazones by the other 
aldehyde, i . e . ,  of the " t ranshydrazonat ion"  of the a l -  
dehyde. 

gHTNH--N=CHCH 3 + CH~CH2CHO ~ C3H?NH--N=CHCH2Cff 3 + CH3CHO 

A B C D 

CH2--CH CH~CH--CH 
h +  B ~ c g - D  ~ I II 

C~H_CH .N CH~CH N 
. o .xN./ \ N /  

I 1 
C3H 7 C3H 7 

A + D - -  , " + B - -  ~l II 
CH ~ CH\N/N C2 H5 C.xH N/N 

I I 
C3H ;. C3H 7 

Il l  

It must  be mentioned that in both cases  the main 
product  was the pyrazot ine  IH. The ra*.e of condensa-  
tion of acetaldehyde with i ts n-propyl  hydrazone (A + 

+ D) is  apparent ly  the highest.  These resu l t s  a re  in 
agreement  with a s ta tement  [5] on the formation of a 
mixture  of four pyrazo l ines  in the condensation of n -  
butyraldehyde with heptanol methyl hydrazone also 
made on the bas i s  of a chromatographic  analys is  of 
the reac t ion  mixture .  

Acetone n-propyl  hydrazone and acetaldehyde yielded 
only 5 - m e t h y l - l - n - p r o p y l - 2 - p y r a z o l i n e ,  the product  
of the condensation of acetaldehyde with its n-propyI  
hydrazone (Fig. 2c). The format ion of only this one 
pyrazo l ine  shows that the d isp lacement  of the ketone 
f rom its hydrazone by the aldehyde takes  pIace readi ly ,  
and the ra te  of condensation of acetaldehyde and its 
alkyl  hydrazone is in any case  far  g rea t e r  than the ra te  
of condensation with an acetone monoalkyl hydrazone 
and of the condensation of acetone with the hydrazones.  

The avai lable  exper imenta l  r e su l t s  did not pe rmi t  
an unambiguous decis ion concerning the mechanism 
of the condensation of hydrazones  with aldehydes.  The 
assumption [5] that the reac t ion  takes place  in a s i m i -  
l a r  manner  to the formation of aldehyde ammonias  with 
the subsequent spl i t t ing out of water  

CH --CH 
/H ........... + --H20 I 2 I[ 

CHaCH=N--N-~R + CHaCHO ~ ,'-~H2CH~N--N~ R " CH CH N 
,. ~ ......... _,)CHCHa a \ N  / 
t . . . . . . .  -H 9."" r 

is  not the only poss ib le  one. ]?he pyrazol ine  may  also 
be formed as  the resu l t  of the react ion of the hydra -  
zone with the aldehyde or  of two hydrazones in the man-  
ne r  of an aldol condensation. However,  a t tempts  to 
affect the se l f -condensat ion of acetaldehyde n-butyl  
hydrazone under the action of alkal i ,  and the conden- 
sation of acetaldehyde with its dimethyl hydrazone 

- b / f c  !i I 

40 20 0 '+a 2O 0 Z~" I0 6 
time, min time, min ..... time, rain 

Fig. 2. Chromatograms of reac t ion  mixtures  obtained 
by the condensation of: a) propionaldehyde n-propyl  
hydrazone with acetaldehyde;  b) acetaldehyde n-propyt  
hydrazone with propionaldehyde;  q) acetone n-propyl  
hydrazonewith  acetaldehyde (I is  5 - m e t h y l - l - n - p r o p y l  
-2 -pyrazo l ine ,  II is acetone n-propy1 hydrazone,  III 

is acetone). 

(having no NH group) gave a negative resu l t .  Thus, a 
scheme including in the f i r s t  s tage  the addition of the 
NH group to the carbonyl with the subsequent spl i t t ing 
out of water  f rom the "semihydraz inaI"  hydroxyl and 
the B-hydrogen of the alkylidene radical  of the hydra -  
zone may he r ega rded  as the most  l ikely.  

EXPERIMENTAL 

The initial alkyl hydrazones were synthesized from monalkyl hy- 
drazines and carbonyl compounds as described previously [i]. 

Conder~ation of acetaldehyde with monalkyl hydrazines. With 
vigorous stirring, 1.2 mole of acetaldehyde was added to 1 mole of an 
a!kyl hydrazone in a three-necked flask fitted with a thermometer, 
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dropping funnel, reflux condenser, and stirrer, at such a rate that the 
temperature of the reaction mixture did not exceed 50-60 ~ C. The 
mixture darkened. Stirring with heating to 600 C was continued for 1 
hr, and then the reaction mixture was cooled to room temperature and 
mixed with powdered potassium carbonate. After drying over granu- 
lated K2CO s, the mixture was distilled in a current of nitrogen through 
a vacuum column (12 theoretical plates). The constants of the twice- 
distilled products (see table) and of the corresponding authentic pyraz- 
Mines obtained from crotonaldehyde [7] coincided. 

The chromatographic identification of the 5-methyl-2-pyrazolines 
was carried out on a "Tsvet-l" instrument using glass columns [9] 1.2 
m long with stationary liquid phases of different polarities: 18% of 
diglycerol on Chromo~orb W, cyanoethylated mannitol on Celite 545, 
and 15% of ethanolamine with polyethylene glycol M 400 (1:1) on 
TNDM. 

Condensation of propionaldehyde isopropyl hydrazone with pro- 
pionaldehyde. After 3 hours' boiling, 22.8 g (0,2 mole) of the hy- 
drazone and 12.5 g (0,25 mole) of the aldehyde in 50 ml of chloroform 
gave 16.3 g (42%) of a pyrazoline fraction with bp 85-87* C (30 ram). 
RedistilIation yielded 13.7 g of a substance with bp 85.5-86.2 ~ C (30 
ram), ni~) 1,4547, tool. wt. 152.9. Its Ir spectrum had two bands of 
VC__. N at 1530 and 1628 cm -1, which are characteristic for 2-pyraz- 
olines with and" without substituents in position 3110]. Chromato- 
grams obtained on the columns described above had two peaks, one of 
which was identical with that of 3-ethyl-l-isopropyl-4-methyl-2-py- 
razoline. The PMR spectrum (Fig. 1) contained two HC s signals at r 
3.55 and 3.78 ppm and a group of multiplets for HC--N, HC s, HC 4, 
and CHs--C of structures I and II in the r 6.90-9.45 ppm region. 
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