
R E A S O N S  F O R  T H E  F O R M A T I O N  O F  P Y R A Z O L I N E S  

O F  A N O M A L O U S  S T R U C T U R E  F R O M  U N S A T U R A T E D  

A L D E H Y D E S  

B.  V. I o f f e  a n d  V. V.  T s i b u l ' s k i i  UDC 547.772.2 

It is  shown by gas-l iquid chromatography and PMR spect roscopy that the react ion of alkyl-  
hydraz ines  with ~-a lkylacrole ins ,  as dist inct  f rom the fi-alkyl derivat ives,  r e su l t s  only in 
the format ion of the normal  products  (1, 4 - d i a l k y l - ~ - p y r a z o l i n e s  or the corresponding 
c~-alkylacrolein alkylhydrazones) .  The la t te r  i somer i ze  on moderate  heating with a catalytic 
amount of hydrochlor ic  acid, the t e rmina l  C=C bond migra t ing to the middle of the chain 
to give ~, f l-dialkylacrolein or  t r ia lky lacro le in  hydrazones  r a the r  than the expected cyc l i :  
zation products,  1, 4-dialkyl-A2-pyrazol ines .  Condensation of isopropylhydrazine with ~- 
methyl - f l -e thylacrole in  and cyclizat ion of ~-methyl - f i -e thylaerole in  isopropylhydrazone 
under forcing conditions gave the pyrazol ine of anomalous s t ructure ,  1 - i sopropy l -3 -e thy l -  
4-methyl-A2-pyrazol ine,  without any of the expected 1- i sopropyl -4-methyl -5-e thy l -A2-  
pyrazol ine .  The opinion is expressed  that the format ion of the pyrazol ine  with the anoma-  
lous s t ruc tu re  is  due to addition of the NH group of the hydrazine to the carbonyl  group of 
the unsaturated aldehyde, which is s te r ica l ly  more  access ib le  to the NH group than is the 
fl-substituted C=C bond. 

We have observed the format ion of pyrazol ines  of anomalous s t ruc ture  in the cyclizat ion of mono- 
alkylhydrazones of unsatura ted aldehydes [1, 2, 3], o r  direct ly,  during the react ion of substituted acrole ins  
with alkylhydrazines [1, 4]. The reac t ion  of methyl,  isobutyl, and especial ly  isopropylhydrazine with croton-  
aldehyde [4] and cyclizat ion of ~ , f l -d imethylacrole in  methyl-  and isopropylhydrazones [1, 3] and of c ro ton-  
aldehyde isopropylhydrazone [2] r e su l t  in the format ion of not only the normal  reac t ion  products  (1), the 
s t ruc ture  of whose carbon skeleton corresponds  to that of the s tar t ing aldehyde or hydrazone,  but also of the 
anomalous compounds (I1). 

RCH =.CR,_ CHO + H2N N H W, ..~ R'--F" ~ + R" - - ~ - - ~ - -  R 

RC H ~= C R,--C H = NN H R', ---" R--~N~N 
I I. 

I R" 11 R" 

The format ion of the la t te r  could be due to an unknown r ea r r angemen t  of the N-alkyl-A2-pyrazol ines  
themselves  (N-unsubstituted pyrazol ines  undergo i somer iza t ion  with migrat ion of the C=N double bond and 
the proton [5, 6]). However, when 1, 5-dimethyl- ,  1 - i sopropy l -5 -methy l - ,  and 1- i sopropyl -4-e thy l -A2-pyra  - 
zoline were  boiled with a few drops  of concentra ted hydrochlor ic  acid (conditions used to cycl ize  unsatu-  
r a t ed  monoalkylhydrazones),  we did not observe  the format ion of the i somer ic  pyrazol ines ,  even in t r ace  
amounts.  It must the re fo re  be assumed,  both on the basis of these resu l t s  and on l i t e ra tu re  information [5], 
that N-alkyl-A2-pyrazol ines a re  stable and do not undergo isomerizat ion.  As has a l ready been shown [4], 
the p resence  of a branched alkyl radica l  in the hydrazine and a fl substituent in the ~ , f l -unsatura ted carbonyl 
compound resu l t s  in the format ion of the pyrazole  with the anomalous s t ruc tu re  by d i rec t  reac t ion  of the 
hydrazine with the unsaturated aldehyde. 
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It would be in teres t ing  to ascer ta in  the effect  on the format ion of the pyrazol ine  r ing of substi tuents in the 
position of the unsa tura ted  aldehyde. With this object in view, we condensed ~-a lky lac ro le ins  with methyl -  
and isopropylhydrazine .  Slow addition of the unsa tura ted  aldehyde to the alkylhydrazine with ice-cool ing  
afforded the pure  1 -me thy l -4 -p ropy l -  and 1- i sopropyl -4-e thy l -A2-pyrazo l ines  (see Table 1), together  with 
a mixture  of ~ - i sopropy lac ro le in  isopropylhydrazone and 1, 4-di isopropyl-A2-pyrazol ine .  If, however, the 
reac t ion  of i sopropylhydrazine  with ~-e thy l -  [8], ~-propyl - ,  and ~- i sopropylacro le in  is ca r r i ed  out in 
weakly acid phosphate solution, the hydrazone is fo rmed  in eve ry  case  (see Table 1). This has important  
p rac t i ca l  implications,  since the i sopropylhydrazones  of s - e t h y l -  and ~- i sopropylacro le in  have near ly  the 
same bp 's  as the corresponding 1, 4-dia lkylpyrazol ines ,  and it  is  not possible to separa te  them by fract ional  
distil lation; but by ca r ry ing  out the reac t ion  in weakly acid media,  the pure  unsaturated hydrazone could be 
isolated.  Thus, substi tuents in the c~ position of the carbonyl  compound do not hinder  the format ion of the 
pyrazol ine  r ing with the expected s t ruc ture .  

On heating ~-a lkylaerole in  i sopropylhydrazones  with a few drops of concentra ted HC1, two reac t ions  
may occur :  i somer iza t ion ,  as in the case of ~-a lkylacro le in  dialkylhydrazones,  accompanied by migrat ion 
of the t e rmina l  double bond to the middle of the carbon chain [7], or  the normal  cycl izat ion to 1, 4-dia lkyl-  

2 A -pyrazol ines .  In fact, the reac t ion  follows the f i r s t  course,  and when ~-propyl -  and ~- i sopropylacro le in  
i sopropylhydrazones  were  heated at 100 ~ for  10 h with the addition of a few drops of concentra ted HC1, ~- 
methyl - f i -e thylacro le in  and t r ime thy lac ro le in  isopropylhydrazones  were  obtained in 40 and 57% yields,  
respec t ive ly ,  The s t ruc tu re s  of these compounds were  proved by the i r  PMR spec t ra  and, in the f i r s t  case,  
by compar i son  of i ts  constants  and PMR spec t rum with those of an authentic sample, obtained f rom iso-  
propylhydrazine  and ~-methyl - f l -e thy lacro le in  [8]. 

It may, perhaps,  be concluded on the bas is  of these r e su l t s  that the format ion of N-alkylhydrazones 
and 1, 4-d ia lkylpyrazol ines  occurs  concurrent ly ,  r a the r  than consecutively,  since otherwise ~-a lkylacro le in  
a lkylhydrazones would have to cycl ize  readi ly  to 1, 4-dia lkyl-A2-pyrazol ines ,  which is not the case in 
p r a c t i c e ,  

The ~-methyl - f l -e thy lacro le in  i sopropylhydrazones  obtained by i somer iza t ion  undergo cycl izat ion 
only under ve ry  severe  conditions. When they were  heated with t r a ce s  of concentra ted HCL or  with a 
catalyt ic  amount of i sopropylhydrazine  hydrochlor ide  (at 180-200~ there  was obtained in poor  yield (18%) 
the anomalous cycl izat ion product,  1 - i sopropyl -3 -e thy l -4 -methy l -A2-pyrazo l ine  (II), together  with decom-  
posit ion products  and t a r s .  None of the expected 1- i sopropyl -4-methy l -5-e thy l -A2-pyrazo l ine  (I) was ob- 
tained. The pyrazol ine  II had the same re tent ion t ime on th ree  columns as an authentic sample, obtained 
f rom isopropylhydrazine  and ethyl isopropenyl  ketone. 

It should be s t r e s sed  that the expected pyrazol ine  (s t ructure  I) is  not formed f rom ~-methyl- f l -  
e thylacrole in  and isopropylhydrazine  ei ther ,  there  being isolated f rom the pyrazol ine  fract ion by p r e p a r a -  
tive gas-l iquid chromatography 12% of 1 - i sopropy l -3 -e thy l -4 -methy l -A2-pyrazo l ine  (II), the s t ruc ture  of 
which was proved by compar i son  of i ts p rope r t i e s  and retent ion t imes  with those of an authentic sample, 
and also by the identity of the i r  IR and PMR spect ra .  There fore ,  the fac tors  leading to the format ion of the 
anomalous pyrazol ines  are  the p resence  of the fi substi tuent in the ~ ,  f i -unsaturated aldehyde and branching 
of the alkyl rad ica l  in the hydrazine.  The pyrazol ines  I a re  not formed,  apparently,  because  of the s trong 
s t e r i c  effects  of the isopropyl  and ethyl groups in the 1 and 5 posit ions of the pyrazol ine  ring, as is indi-  
cated by examination of S tewar t -Br ieg leb  models .  

C2 HSCH2--C-- Ctl ::-N N HCII(CH3) 2 CH3- -~- -~  
i C,~H / ~ N . N  

CH2 1 " ~ I 
~ , ~  CH(CH3) 2 

C2HsCH :C--CH = NN HCfl (CH3) 2 I 

CH 3 
CH3--~'~--C2H5 

CH2~C--C--C2Hs+ H~NNHCH(CH3) 2 ~ I 
I ~L CH(CHz) ~ 

H3C 0 II 

C2HsCH ":C--CHO 
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It  is mos t  l ikely that  s t e r i c  hindrance of the addition of the NH group to the /3-subs t i tu ted  C=C bond 
r e su l t s  in reac t ion  of the NH with the s t e r i ca l ly  m o r e  access ib le  carbonyl  group, the NH 2 group adding to 
the C=C bond. The r ea s on  for  the format ion  of the anomalous  pyrazol ine  II appea r s  to be, not a ske le ta l  
r e a r r a n g e m e n t ,  but a different  mode of addition of the a lkylhydrazine to the %/3-unsa tura ted  carbonyl  
compound. The dehydrat ion of the init ial ly f o rmed  hydroxypyrazol ine  and the migra t ion  of the double bond 
may  be r e p r e s e n t e d  by the scheme  

.3c, c.2 

.~+ N.~, - -  / ~.%-~" -"~--~ . % N .  --- ..~%.~. / - -  "3%F ~ 
o nH / oH ~ I I / | CH(CH2)3 (CH3)2CH (CH3)2CH | (CH3)2CH 

(CH3)2 Cfl L I11 IV J II 

The anomalous  cyel iza t ion of the a lkylhydrazones  of unsa tura ted  aldehydes under  the catalyt ic  influ- 
ence of a lkylhydrazine sa l t s  may  be cons idered  to be a consequence of the addition of the NH group of the 
a lkylhydrazine  to the C=N bond, followed by cycl izat ion.  

C~HsCH=(f -CH~NNHCH(CH3)2 H:~NNHCH (CHa) ~ r C2 Hs--HC----C H--C H3 ] - /C2H.CH=C--CH--NHNHCI|(EH.).~ I I |1| ~ Iv 
,] a I / ~ " HN~ -CHNHNHCH(CH3) 2 CH~ / HsC 7 - CH(CII~)2 "~" -H2NN HCH(CH3)2 
L NH2 CH(CH3)2 

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

React ion of Methylhydrazine with ~ -P ropy l ac ro l e in .  ~ - P r o p y l a c r o l e i n  [24.5 g (0.25 mole)] was added 
care fu l ly  with s t i r r ing  and i c e - s a l t  cooling to 11.5 g (0.25 mole) of methylhydraz ine  [7]. After  r e m o v a l  of 
water ,  and drying over  po ta s s ium carbonate ,  the re  was obtained 31.2 g of a mixture ,  which on vacuum d i s -  
t i l lat ion through a column afforded 21o7 g (70%) of 1 -me thy l -4 -p ropy l -A2-py razo l ine  (98.5% pure  by GLC), 
with the constants  given in the table .  IR spec t rum:  s t rong band at 1576 cm -l,  c h a r a c t e r i s t i c  of C=N bond in 
3-unsubst i tu ted  py razo l ines  [10], and at 3054 cm- l (H-C=) .  

React ion of I sopropylhydraz ine  with ~ -E thy lac ro le in .  Similar ly ,  f r o m  37 g (0.5 mole)  of i sop ropy l -  
hydraz ine  and 42 g (0.5 mole) of ~ -e thy lac ro le in  [8] there  was obtained 65.8 g of a mix tu re  of p roducts  
(nD201.4780). Dist i l lat ion gave 20.4 g (29%) of 1 - i sop ropy l -4 -e thy l -A2-pyrazo l ine  (see Table 15. It was 
95.8% pure  by GLC. Fur the r  dist i l lat ion in vaeuo (10 mm)  of the res idua l  dark  red  oil (40 g) did not afford 
any m o r e  volat i le  m a t e r i a l .  IR  spec t rum:  3053 cm -1 (H-C=), and 1582 cm -1 (C=N [10]). PMR spec t rum:  
C H 3 - C - C ( 4  ) - ,  t r ip le t  with T 9.04 ppm (J 5.5 Hz); (CH3)2C- , doublet with ~ 8.81 ppm (J 6.5 Hz); H - C  = N - ,  
s inglet  with 7 3.50 ppm; r ing  pro tons  and C - C H  2-C(4),  mult iplet  at 6.8-7.4 ppm. 

React ion of I sopropylhydraz ine  with ~-Methyl - f l -e thy lacro le in .  Obtained as above, f r o m  37 g (0.5 
mole) of i sopropylhydraz ine  and 49 g (0.5 mole) of cv-methyl-f l -e thylaerolein,  was 71.9 g of organic  l aye r  
(nD20 1 4820), dis t i l lat ion of which at 9 m m  afforded the following f rac t ions :  1) 28-64~ nD20 1.4480 (6.2 g) 
2) 84-70~ nD20 1.4596 (9.5 g) 3) 70-84~ riD20 1.4723 (3.9 g5 ( intermediate)  4) 84-85.5~ nD20 1.4950 (45.8 g). 
The res idue  was 2.2 g of brown oil, nD20 1.4848. Chromatography  showed f rac t ion  2 to contain 91% of the 
main  component,  which was obtained in a ch romatograph ica l ly  pure  state by p r e p a r a t i v e  gas ch romatog-  
r aphy  on a column containing 25% of t he rmos tab l e  si l icone res in  with ethyl groups  (TSRE) on Sphero-  
c h r o m e - 1  (TNDM, 0.3-0.5 m m  f rac t ion  (see table).  This  was shown to be ident ical  with authentic 1 - i s o -  
p r o p y l - 3 - e t h y l - 4 - m e t h y l - A 2 - p y r a z o l i n e ,  obtained f rom ethyl i sopropenyl  ketone and i sopropylhydraz ine ,  
on th ree  di f ferent  columns [15% mix tu re  of polyethylene glycol-4000 and t r i e thanolamine  (1:15 on Sphero-  
c h r o m e - 1  (0.3-0.5 mm);  25% polyethylene glycol adipate and t r ie thanolamine  (1:15 on Spherochrome-1  
(0.3-0.5 ram); and 15% TSRE on Spherochrome-1  (0.3-0.5 mm). Column length 1 and 1.2 m]. The con- 
s tants ,  IR,  and PMR s pec t r a  were  comple te ly  identical  with the spec t r a  of authentic 1 - i sop ropy l -  3 - e t h y l - 4 - m e t h -  
y l -A2-pyrazol ine .  The overa l l  yield of the pyrazol ine  in f rac t ion  2 amounted to 12 %. Repeated dist i l lat ion of 
f rac t ions  3 and 4 gave a 60% yield of ce-methyl- f i -e thylacrole in  i sopropylhydrazone,  whose constants  were  
ident ical  with those r epo r t ed  p rev ious ly  [8] (the reac t ion  of i sopropylhydraz ine  with a - m e t h y l - f l - e t h y l a c r o -  
lein was c a r r i e d  out in weakly acid phosphate  medium,  and no pyrazol ine  was found in the reac t ion  products) .  
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1- Isopropyl -3-e thy l -4-methyl -A2-pyrazo l ine  (84% compound) was obtained f rom 11.5 g (0.155 mole) 
of i sopropylhydrazine  and 15.2 g of ethyl isopropenyl  ketone [11] (see Table 1). The f requency VC= N 1612 
cm -I in the IR spect rum cor responded  to the p resence  of a substituent in the 3 position [10], which is also 
confirmed by the absence in the PMR spect rum of signals with z < 6 ppm. 

Reaction of isopropylhydrazine with a -p ropy lac ro le in  was ca r r i ed  out s imi la r ly  but with the addition 
of sodium dihydrogen phosphate. To a m i x ,  re  of 37 g (0.5 mole) of isopropylhydrazine and 78 g of NaH2PO 4" 
2H20 in 150 ml  of water  was added over  10 min with vigorous s t i r r ing  (emulsion) 49 g (0.5 mole) of a - p r o -  
pylacrole in  [7]. The mixture  was then heated to 80 ~ for  a fu r ther  2 h, and the organic l ayer  was separa ted  
and dr ied over  potass ium carbonate (66 g, nD~0 1.4780). Distillation afforded 43.3 g (58%) of ~ -p ropy lae ro -  
lein i sopropylhydrazone (see table), IR spectrum,  cm-1; 1579 and 1617 (C=C-C=N) [12], 3082 (H2C=), and 
3236 (N-H). 

Reaction of i sopropylhydrazine  with a - i sopropy lae ro le in  was ca r r i ed  out as descr ibed  above. F rom 
37 g (0.5 mole) of isopropylhydrazine,  78 g of NaH2PO 4. 2H20 and 49 g of i sopropylacro le in  [7], there  was 
obtained af te r  two vacuum dist i l la t ions 29.7 g (38%) of ~- i sopropylaero le in  isopropylhydrazone (see table). 
IR spectrum, cm- l :  1578 and 1614 (C=C-C=N [12]), 3090 (H2C=), and 3235 (N-H). Repeated fraet ionat ion of 
the volati le f rac t ions  gave 5.2 g of a mixture,  bp 70.5-70.8 ~ (8 ram); nD20 1.4712, containing 55% of ~ - i so -  
propylaero le in  isopropylhydrazone and 45% of 1, 4-di isopropyl-A2-pyrazol ine ,  by GLC. A quantitative analy- 
sis of the H-C=N signals in the PMR spect rum at 7 3.47 and 2.78 ppm (for the pyrazol ine  and the hydrazone, 
r e spec t ive ly  [13]) gave a s imi la r  i somer  rat io  (43 and 57%). 

Isomeriza t ion of a - P r o p y l a c r o l e i n  Isopropylhydrazone.  h~ a flask fitted with a ref lux condenser  was 
heated at 100 ~ for  10 h a mix ture  of 25 g of ~-propylacro le in  isopropylhydrazone and 0.5 g 6f i sopropylhydra-  
zine hydrocblor ide .  Vacuum disti l lat ion of the react ion mix ture  afforded 10 g (40%) of a -methy l - f i -e thy l -  
aero le in  isopropylhydrazone,  bp 93.3-93.7 ~ (9 ram): d42~ 0.8521; nD20 1.4928; nc20 1.4874; A F C 199.8; 
r162 D 40.54; MR D 52.60 (calculated 49.58); EM D 3.02 (cf [8]). After hydrolys is  with 6 N sulfuric acid, 
there  was obtained a -methyl - f l -e thy lacro le in  2, 4-dini t rophenylhydrazone,  mp 160-161 ~ (undepressed on 
admixture  with an authentic sample).  PMR spectrum: (CH3)2CH- , doublet and septet  with r 8.98 and 6.59 
ppm (J 6.5 Hz) respect ively;  Ct t3-C =, singlet with ~ 8.19 p p m ; N - H - ,  singlet with r 5.04 ppm; CH=C- ,  
t r ip le t  with r 4.56 ppm (J 7.0 Hz), H - C = N - ,  two singlets with r 2.76 and 2.30 ppm for  the t rans  (85%) and 
cis forms (15%) respect ive ly  [14], C H 3 - C - C =  , t r ip le t ,  super imposed on the doublet due to the isopropyl 
group, C - C H 2 - C =  , multiplet  with r 7.4 ppm. 

Conversion of a -P ropy lac ro l e in  Isopropylhydrazone under Severe Conditions, After boiling 15 g of 
a -p ropy lac ro le in  isopropylhydrazone with a few drops of concentra ted HC1 for  10 h, the following f rac t ions  
were  obtained: 1) 42-64 ~ (9 mm); riD20 1.4482; 1.6 g (by GLC, this contains 41% of acetone i sopropylhydra-  
zone and 34% of 1 - i sopropyl -3-e thy l -4-methyl -A2-pyrazo l ine  (II): 2) 64-71 ~ (9 mm); nD20 1.4548; 3.1 g (6% 
of acetone isopropylhydrazone and67% of II) (the overa l l  yield of II f rom both f rac t ions  was 18%): 3) 71-85 ~ 
(9 ram); nD20 1.4620; 2.1 g (not chromatographed),  and 5 g of res idual  oil. 

Conversion of a -methyl - f l -e thy lacro le in  isopropylhydrazone by isopropylhydrazine  hydrochlor ide  
under s imi la r  conditions proceeded  s imi lar ly .  

I somer iza t ion  of a - I sopropylacro le in  Isopropylhydrazone,  Under the conditions employed for  the 
i somer iza t ion  of (~-propylacrolein isopropylhydrazone,  27 g of a - i sopropy lae ro le in  isopropylhydrazone 
afforded 15.1 g (57%) of t r ime thy lac ro le in  isopropylhydrazone (see Table 1). The t r ime thy lac ro le in  2, 4-  
dini trophenylhydrazone obtained af te r  hydrolysis  with dilute (1:6) sulfur ic  acid had mp 194.5-195.5 ~ (198 ~ 
[15]). IR s p e c t r u m  cm-l :  1565 and 1634 (C=C-C=N [12]); 3234 (N-H). PMR spec t rum (CH3)2CH-, doublet 
and septet  with r 8.91 and 6.59 ppm (J 7.0 Hz) respect ively;  (CH3)2C=C(CH3) _ strong singlet due to the 
th ree  methyl  groups with T 8.21 ppm: N-H-,  singlet with 7 4.96 ppm; H-C=N_ singlet with �9 2.23 ppm. 

Attempts to I somer ize  N-Alkyl -A2-pyrazo l ines .  In a f lask fi t ted with a ref lux condenser  was boiled 
for  3-4 h 3 g of the pyrazol ine (1, 5-dimethyl-  [4], 1 - i sop ropy l -5 -me thy l -  [16],or 1 - i sopropy l -4 -e thy l -  
pyrazol ine) .  No other  i s o m e r s  were found when the mix tures  were  chromatographed under the conditions 
previously  used [4]. 
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