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The only products  in the condensation of acetonylacetone with a lkylhydrazines  a re  1-a lkyl -  
3 ,6 -d ime thy l - l , 4 -d ihydropyr idaz ines .  The reac t ion  of acetonylacetone with i sopropylhydra-  
zine leads to a mix tu re  of acetonylacetone monoisopropylhydrazone  and the corresponding 
dihydropyridaz ine. 

The reac t ion  of difunctional compounds such as monosubst i tu ted  hydraz ines  (RHN-NH2) with acetonyl-  
acetone m a y  lead to s eve ra l  products :  mono-  and dihydrazones ,  1 - aminopyr ro l e s ,  and dihydropyridazines .  

In addition, the condensations a re  f requent ly  compl ica ted by in te rconvers ions  of the products  or  by  
o ther  profound changes.  Thus the r eac t ion  of acetonylacetone with acylhydraz ines  and phenylhydrazines  
fo rms  1 -aminopyr ro l e s  or  dihydrazones [1], 2 ,4-dini t rophenylhydrazine  gives m o n o - a n d  dihydrazones [2, 
3], while the fo rmat ion  of 1 ,4-dihydropyr idazine  [4] and m o r e  complex products  [4-6] was obse rved  in the 
r eac t i on  of acetonylacetone with hydrazine  itself.  The r e su l t s  of reac t ions  with other  1 ,4-dicarbonyl  com-  
pounds a r e  no less  cont rad ic tory  [6]. F r o m  the known data, it is difficult to p red ic t  which d i rec t ion  the con- 
densation will take in each concre te  case.  The disconnected informat ion on the p rope r t i e s  of the reac t ion  
products  compl ica tes  a re l iab le  de terminat ion  of the i r  s t ruc tu re s .  In pa r t i cu la r ,  the s imp le s t  al iphatie  r e p -  
r e sen ta t ives  (R =alkyl) of all of the enumera ted  c l a s ses  of subs tances  a r e  not known at all. A study of the 
r eac t ion  of a lkylhydrazines  with acetonylacetone,  the m o s t  read i ly  access ib le  1,4-diketone,  is the re fo re  of 
undoubted interes t .  

We found that the reac t ion  with n-a lky lhydraz ines  p roceeds  smoothly  on refluxing in nonpolar  solvents  
in the p re sence  of dehydrat ing agents.  Pro longed heating with no l e s s  than a 1.5-fold excess  of hydrazine  
over  BaO is requ i red  in o rde r  that the acetonylacetone,  which has a boiling point close to the boiling points 
of the reac t ion  products ,  r e a c t  completely.  After  the condensation, the compounds were  isolated by  d is t i l la -  
tion, and the i r  homogenei ty  was es tab l i shed  by gas- l iqu id  ch romatography  (GLC) (Table 1). 

A.-~ [ CH~--C= C.C.2--C--C.~] 

O o \ I B . CH3__C__CH2CH2__C__CH3 ~ ~" 
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C H ~ C H  3 R a=CH~; b=C2Hs; c =C~HT; d=i -C3H ;, ] 
NHR 

Il l  

Both mono-  and dihydrazone s t ruc tu r e s  were  comple te ly  excluded f rom the resu l t s  of e l emen ta ry  anal -  
ys i s .  The se lec t ion  between 1 -aminopyr ro le  (lid and 1 ,4-dihydropyr idazine  (II) s t ruc tu r e s  f o r  the com-  
pounds was r ea l i zed  on the bas i s  of the IR and PM1R spec t r a .  The I1R spec t r a  of II, which a r e  t r anspa ren t  
f r o m  3100-3600 em -1 and thereby  indicate the absence  of the NH grouping cha rac t e r i s t i c  for  1 - aminopyr -  
ro l e s ,  have intense absorp t ion  bands at  1620-1640 cm -1 (v C=N ) and 1660-1680 cm -~ (v C= C), and the f i r s t  
band cor responds  to the in tervals  p re sen ted  for  unconjugated hydrazones  of ketones (including that also 
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for the ketone hydrazone  fragment  in a s i x - m e m b e r e d  ring) [7], whi le  
the second  is pecul iar  to enamines  [8] and enehydraz ines  [9]. The 
p r e s e n c e  of C = C double bond is a l so  conf irmed by the absorpt ion of 
a trtsubst i tuted olef in  at 3060 cm - t  ( w H - C ~  and 790 cm -1 (vH_C=) 
[10]. 

Absorpt ion of the P protons of the pyrrole  ring is not observed  
in the PMR spec tra  of 13, but mult iplet  s ignals  of  a methy lene  group 
at 7 .34-7.37 ppm ( >  C4H2) and of an olef in proton at 5.9 ppm (= CSH) 
are  present .  The s inglets  of  methyl  groups in the C 3 and C 6 pos i t ions  
of the ring coincide  and are  found at 8 .25-8 .30 ppm. The s ignals  of 
the c~ protons of subst i tuents  attached to the N 1 ni trogen atom c o r r e -  
spond to the fol lowing values:  6.90 (CH3N in Ha), 6.7 (-CH2N in IIb- 
c), and 6.55 ppm ( >  CHN in lid),  and the character  of the splitting and 
the s p i n - s p i n  coupling constants  (J ~ 7 Hz) are  typical for the c o r r e -  
sponding alkyl groups.  We present  the spec trum of  1 - e t h y l - 3 , 6 - d i -  
m e t h y l - l , 4 - d i h y d r o p y r i d a z i n e  (Fig. 1) as an i l lustration.  

Finally,  a chemica l  conf irmat ion  of the dihydropyridazine 
s tructure  is hydro lys i s  in acidic  media ,  as a resu l t  of  which,  in the 
p r e s e n c e  of 2 ,4-dini trophenylhydrazine ,  acetonylacetone  bis  (2,4- 
dinitrophenyl)hydrazone was  isolated.  On the bas i s  of the mater ia l  
s e t  forth above,  it can be concluded that the products  are 1 -a lky l -  
3 , 6 - d i m e t h y l - l , 4 - d i h y d r o p y r i d a z i n e s  (]1). They are c o l o r l e s s ,  o i ly  
l iquids with a sp icy  odor and are readi ly  oxidized,  in connect ion with 
which,  all s tages  of  the synthes i s  and puri f icat ion w e r e  carr ied  out 
under nitrogen.  (The preparat ions  are stable  in the absence  of air.)  

The y ie ld  of the corresponding  dihydropyridazine (rid) in the 
react ion  of ace tonylacetone  with i sopropylhydraz ine  drops sharply ,  
and the chief  product  of  the condensat ion is acetonylacetone  m o n o i s o -  
propylhydrazone  (Id). 

It could be a s s u m e d  that hydrazone  Id is an intermediate ,  the 
c o n v e r s i o n  of which to dihydropyridazine  lid is inhibited by branch-  
ing of the alkyl radical  attached to the N ~ ni trogen atom. However ,  
this is not so .  Although hydrazone  Id is unstable during vacuum dis -  
t i l lat ion above 1 m m  or on prolonged contract  with A1203 and s i l i ca  
gel in chromatographic  co lumns ,  i twas  not a l tered at all after pro -  
longed heating under the condensat ion condit ions.  The absence  of 
cyc l i za t ion  cannot be explained by the syn-conf igurat ion  of the sub-  
s tance  ( syn-or ientat ion  of CH 3 and NIHR), i .e . ,  by the or ientat ion of 
the carbonyl  group and N ~ ni trogen atom for which their  approach is 
imposs ib le .  F r o m  the PMR spec trum of hydrazone  Id (Fig. 2), it is  
e a s y  to es tabl i sh  that the anti i s o m e r  [(TCH3_C=N) 8.4 ppm, syn; 

(TCH C _ N  ) 8.3 ppm, anti] predominates ,  which is in complete  a g r e e -  
m e n t ~ i t l l t h e  resu l t s  in [ t l ] .  It i s  then reasonable  to a s s u m e  that the 
m o r e  nucleoph[l ic  "alkylamine,,  N 1 nitrogen atom (path A) c o m m e n c e s  
the react ion  and that c o n v e r s i o n  to the cyc l i za t ion-d i s inc l ined  hy-  
drazone (path B) competes  with this p r o c e s s  when the N 1 substituent 
is branched,  although other poss ib i l i t i e s  cannot be excluded. 

EXP E RIIViE NTAL 

The PMR spectra without a solvent were recorded with a YaMR 
5535 spectrometer (40 IV[Hz) with hydromethyldtsiloxane* (HMDS) as 
the internal standard. The IR spectra of 20-40-~-thick layers were 

recorded with a UR-10 spectrometer. The GLC analyses were per- 

*As in Russ ian  original  - Publ i sher .  
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Fig. 1. PMR s pec t rum  of 1 -e thy l -3 ,6 -d ime thy l - l , 4 -d thydropyr idaz ine .  

Fig. 2. PMR s p e c t r u m  of acetonylacetone monoisopropylhydrazone  
(10% solut ion in CC14). 

f o rmed  with a Tswet t -4  ch romatograph  with a 120-cm-long g lass  column with 20% Tween-20 on C22 Celite 
t r ea t ed  with 0.5% polyethylene polyamine with ni t rogen and hel ium as the gas c a r r i e r s  at 120~ Th in- layer  
ch romatography  was c a r r i e d  out on ac t iv i ty  II A1203 with e h t i o n  by  h e x a n e - a c e t o n e  (5 : 1). The alkylhy- 
draz ines  we re  syn thes ized  by the method in [12]. Acetonylacetone was obtained by the method in [13] and 
was ch romatograph ica l ly  pure.  

1 -Alky l -3 ,6 -d ime thy l - l , 3 -d ihydropyr idaz ines  (IIa-c). A mix tu re  of 0.2 mole  of acetonylacetone and 
0.4 mole  of hydraz ine  in 150 ml  of solvent  (Table 1) in the p r e sence  of 20 g of ground BaO was ref luxed for  
3 h with a D e a n - S t a r k  adapter .  The drying agent  was r emoved  by f i l t ra t ion,  the solvent  was r emoved  in 
vacuo, and the res idue  was dist i l led on a column with ten theore t ica l  plates .  

Acetonylacetone 2 ,4-Dini t rophenylhydrazone.  A 0.57-g (0.005 mole) sample  of IIc was ref luxed for  
30 min  with a 1.5-fold excess  of 2 ,4-dini t rophenylhydrazine  sulfate  reagen t  (1.49 g of 2 ,4-dini t rophenylhy-  
drazine in 25 ml  of 1 N H2SO4) , and the p rec ip i ta te  [2.27 g (96%)] was r emoved  by  f i l t ra t ion  and r e c r y s t a l l i z e d  
f r o m  d imethy l fo rmamide  to give a product  with mp 255~ [This product  did not depress  the mel t ing point 
of an authentic s ample ,  (mp 260~ p r e p a r e d  f r o m  acetonylacetone [3]). 

Condensation of Acetonylacetone with Isopropylhydraz ine .  The reac t ion  was accompl i shed  under s t an -  
dard conditions f r o m  0.3 mole  of acetonylacetone and 0.6 mole  of i sopropylhydrazine  to give 6.9 g (15%) of 
lid. The res idue  (32 g) was a v iscous ,  brown oil with nD2~ 1.4605. High-vacuum dist i l lat ion with a 15 -cm-  
long f ract ionat ing column yielded 16 g (32%) of hydrazone Id with bp 60~ (0.1 mm) ,  d420 0.9319, and nD2~ 
1.4656. Found: C 63.12; 63.16; H 10.16; 10.15; N 16.76; 16.64%. MR D 50.55. C9H18N20. Calculated: 
C 63.50; H 10.66; N 16.46%. MR D 4 9 . 9 6 . . R f  0.35. IR s p e c t r u m  (v, cm- l ) :  1635 (C=N), 1750-1760 (C=O), 
3435 (free NH group),  and 3290 (NH group trod up by  in t e rmolecu la r  hydrogen bonding with the C=O group, 
in a g r e e m e n t  with the resu l t s  in [10]). 
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