
S T R U C T U R E  A N D  P R O P E R T I E S  O F  1 - A C Y L P Y R A Z O L I N E S  

M,  A .  L a p i t s k a y a ,  A .  D .  G a r n o v s k i i ,  
G .  A .  G o l u b e v a ,  Y u .  V .  K o l o d y a z h n y i ,  
S .  A .  A l i e v a ,  a n d  A .  N.  K o s t  

UDC 547.775:541.623' 67 

Proton magnetic resonance spec t roscopy  and the method of dipole moments  demonstra ted 
that 1-acylpyrazol ines  exist p r imar i ly  in the s - t r ans  form,  which is stabilized by the r e -  
pulsion of l ike-charged nitrogen and oxygen a toms.  Simultaneous reduction of the C = O  
and C ~ N bonds was observed during the action of lithium aluminum hydride on 1 - fo rmy l -  
and 1- t r i f luoroacety lpyrazol ines ,  which is explained by the re la t ively  high polari ty of the 
C ---~ N bond. 

We have previously  repor ted  [1] that 1-acylpyrazol ines  are converted smoothly to 1-alkylpyrazol ines  
without involvement of the C = N  bond on react ion with lithium aluminum hydride.  In the case  of 1- formyl  
derivat ives ,  however,  reduction of the pyrazoline ring occurs  simultaneously.  It has been assumed that 
this anomaly is associated with the s t e r eochemis t ry  [2]. 

A number  of studies that make it possible to assume that A2-pyrazolines have an almost  planar s t r uc -  
ture  have been published in recent  yea r s .  In fact, the s trong f luorescence of diarylpyrazol ines  has been ex-  
plained by the ability of the carbon and nitrogen atoms of the pyrazoline ring to become coplanar  (see [3,4], 
for example).  The probabili ty of the coplanari ty  of both the ring and acyl group for 1-acylpyrazol ines  is in-  
c r ea sed  in view of the stabilization of the sys tem through conjugation. If this is so, the possibil i ty of con-  
s iderable limitation of f ree  rotation about the N - C O R  bond and predominant existence of the stable s - t r ans  
i somers  [6] should be assumed on the basis of studies of the s t e r eochemis t ry  of acyl der ivat ives  of the 
azole se r ies  [5], where the heterocycl ic  portion is known to be planar.  This possibil i ty,which is associated 
with the different orientation of the N 2 atom of the pyrazoline ring with respec t  to the oxygen atom of the 
carbonyl  group, is due to an increase  in the o rder  of the N - C O R  bond as a resul t  of conjugation of the p 
electrons of the ni trogen atom with the ~ electrons of the double bond of the C = O group. 
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The PIVIR spec t rum of 3-phenylpyrazoline (IVa) contains a broad multiplet of the 5-H protons at 3.2- 
3.55 ppm. The multiplet is shifted to 3.7-4.1 and 3.75-4.0 ppm, respect ively ,  on passing to IV and IVb. 
This shift on acylation of IVa confi rms the probabili ty of the existence of a stable trails form for both IV 
and IVb. The signal of the formyl  proton in IV is seen as a distinct singlet (8.6 ppm). It could, of course ,  
be assumed that this is a consequence of averaging of the spec t rum due to rapid rotation about the C - N  
bond, but changing the t empera tu re  in the range 0-70 ~ did not lead to a substantial change in the cha rac t e r  
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TABLE 1. Physical  Constants and Dipole Moments of 1-Acyl-A 2- 
pyrazolines 
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Table 1 (continued) 
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of the spect rum.  F r o m  these resul ts ,  it could be concluded that 1 - f o r m y l -  and 1-acetylpyrazol ines  exist in 
the t rans  form or p r imar i ly  in the t rans  form in inert  solvents.  

We measured  the dipole moments  of six 1-acylpyrazol ines  (see Table 1) and compared  them with the 
values computed by the f ragmenta ry  calculation method [7, 8] s tar t ing f rom the dipole moments  of 1,5- 
diphenylpyrazoline (2.92 D) and 1-(p-chlorophenyl) ,5-phenylpyrazol ine (4.34 D). For  this,  the moment  of 
the C a r o m - C 1  bond was assumed to be 1.59 D [6]. The resul ts  obtained by means of this path ~ t rans  3.92 
D, ~cis 5.35 D) also speak in favor of the predominant existence of 1-acylpyrazol ines  in the s - t r ans  form,  
stabilized by repulsion of l ike-charged nitrogen and oxygen atoms,  as was previously found for acyl t r iazoles  
[9]. The experimental  ~ value is c loser  to the calculated #cis value only in the case of 5-phenylpyrazoline.  
A phenyl group in the 5 position (adjacent to the acyl group) apparently increases  the noncoplanari ty of the 
pyrazoline ring or, by res t r ic t ing  conjugation of the carbonyl  group, permits  the appearance of the s -c i s  
conformation.  The ~ values of 1- formylpyrazol ines  do not differ fundamentally f rom those for other 1 -acy l -  
pyrazolines of the same model.  

The reduction of 1-acylpyrazol ine  with lithium aluminum hydride can proceed through a step involv- 
ing a complex, which,  depending on the s t ructure  of the start ing substance, includes one or two react ive 
groups of the molecule.  Complexing can lead to facile t r ans - c i s  isomerizat ion,  but the hypothesis r ega rd -  
ing the occurrence  of the process  through this sor t  of complex, where both reaction centers  of the 1 -acy l -  
pyrazoline are  s te r ica l ly  regulated,  does not make it possible to explain the anomalous behavior of the 
formyl  der ivat ives .  

This anomaly apparently is a consequence of the difference in the degree of polarization of the C ---- N 
bond, which, in view of the field effect crea ted  by the aliphatic portion of the ring, is considerably less  r e -  
active in pyrazolines than in open s t ruc tu res .  If this is so, the introduction of strong e lec t ron-acceptor  sub-  
stituents into the acetyl group may give the same effect as the formyl  group.  In fact, the strong - I effect 
of three fluorine atoms in the reduction of 1- t r i f luoroacetylpyrazol ines  VIII and IX caused the reaction to 
proceed as for formylpyrazol ines ;  i.e., the reduction of both the carbonyl group and the C ----N bond to form 
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the cor responding  1- t r i f luoroe thy lpyrazo l id ines  {X and X1),which a r e  isolated as acetyl  de r iva t ives  XII and 
XIII, p roceeded  to give high yie lds .  

We have p rev ious ly  a r r i v e d  at the e r roneous  conclusion that the C --~N bond is s table  in these  models ,  
s ince X is autooxidized to pyrazol ine  XIV af te r  s eve ra l  minutes  (we identified X1V in [2]). In addition, the 
data avai lab le  in the l i t e r a t u r e  [10] regard ing  the faci le  e l iminat ion of f luorine a toms  in the reduction of 
t r i f l uo roace t amides  were  not conf i rmed  in our ca se .  

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

All of the 1 -acy lpyrazo l ines  we re  ch romatographed  on a thin l aye r  of act ivi ty IT a luminum oxide with 
methy l  ethyl k e t o n e - b e n z e n e  (1 : 6) and development  by iodine vapor s .  The dipole momen t s  of benzene 
solutions at 25 J= 0.1 ~ were  de te rmined  with an IDM-2-dipole  m e t e r  for  mole  f rac t ions  f rom 0.002 to 0.005 
via the method in [11]. The IR s p e c t r a  were  r e c o r d e d  with a UR-10 s p e c t r o m e t e r .  

1 - T r i f l u o r o a c e t y l - 4 , 4 - d i m e t h y l - 5 - i s o p r o p y ! p y r a z o l i n e  (VIII). This  compound was obtained in 75% 
yield by acylat ion of 8.7 g (0.05 mole) of 4 ,4 -d ime thy l -5 - i sopropy lpyrazo l ine  by the action of 37.8 g (0.15 
mole) of t r i f luoroace t i c  anhydride .  The product  had bp 1 0 5 - 1  0 ~ (18 mm),  mp 33 ~ and R f  0.79. IR s p e c -  
t r um:  1602 (C----N), 1700 c m  -1 (C = O )  [2]. 

1 - T r i f l u o r o a c e t y l - 3 , 5 , 5 - t r i m e t h y l p y r a z o l i n e  (IX). This  compound was s i m i l a r l y  obtained in 80~c yield 
and had bp 105-110 ~ (20 mm) ,  n~ 1.4320, mp 38 ~ and R f  0.83. IR spec t rum:  1590 (C = N ) ,  1690 c m - !  
(C~---O). Found: C 45.1; H 5 .4 ;N  13.4%. CsHlIF3N20. Calca la ted:  C 45 .3 ;H  5 .3 ;N 13.4%. 

2 - A c e t y l - 4 , 4 - d i m e t h y l - 1 -  (2 ,2 ,2- t r i f luoroe thyl ) -5- i sopropylpyrazol id in  e {XII). A solution of 9 g (0.075 
mole) of pyrazol ine  VIII in 20 ml  of absolute t e t rahydrofuran  was added slowly to a suspension of 8 g (0.15 
mole) of l i thium a luminum hydride in 200 ml  of absolute t e t rahydrofuran ,  and the reac t ion  mix tu re  was r e -  
fluxed for 2 h and cooled.  The unchanged a luminum hydride was decomposed  by the action of 15 ml  of moi s t  
e ther  followed by the s ame  amount of wa te r .  The prec ip i ta ted  l i thium hydroxide was r emoved  by f i l t ra t ion 
and washed thoroughly on the f i l t e r  with e the r .  Then, without isolat ing base  X, excess  acet ic  anhydride was 
added, and the mix tu re  was ref luxed for  3 h. The acet ic  anhydride was r emoved  by dist i l lat ion,  and the 
res idue  was dis t i l led to give 6 g (60~c) of XII with bp 128-130 ~ (15 ram), n~  1.4355, and Rf  0.65. LR s p e c -  
t rum:  1680 cm -I (C = O ) ;  no band was p re sen t  at 1580-1620 cm -I (C ~ N ) .  Found: C 54.2; H 7.7; F 21.1%. 
Ci2H21F3N20. Calcula ted:  C 54.1; H 8.00; F 21.4%. 

2 - A c e t y l - 3 , 5 , 5 - t r i m e t h y l - 1 -  (2 ,2 ,2- t r i f luoroethyl)pyrazol id ine  (XIII). This compound was s i m i l a r l y  
obtained in 55% yield and had bp 134-138 ~ (20 ram), n~ 1.4370 and R f  0.61. ]R spec t rum:  1670 cm -1 (C ----O). 
Found: C 52.4; H 7.7; N 12.4~c. CIoH17F3N20. Calculated:  C 52.4; H 7.1; N 11.8%. 

Some t ime  a f t e r  the p r e s e n t  paper  had been submit ted to p r e s  s, we obtained a paper  by F rench  chemis t s  
[14] that  c o n f i r m s  our  conclusions r ega rd ing  the p redominant  s - t r a n s  conformat ion  of 1 -acy lpyrazo l ines .  
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