
I N V E S T I G A T I O N S  IN T H E  F I E L D  O F  

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

XVHI.* SYNTHESIS, SPECTRAL CHARACTERISTICS, 

AND BEHAVIOR TOWARD A RANEY NICKEL CATALYST 

OF 2,4 ,6 ,8-TE TRAOXO-1,5-DIA ZABICYCLO[3.3.0]O CTANES 

B,  L .  M o l d a v e r  a n d  M. P .  P a p i r n i k  UDC 747.775.07:542.941.7:543.422 

Symmet r i ca l  and u n s y m m e t r i c a l  di- ,  t r i - ,  and te t rasubs t i tu ted  2 , 4 , 6 , 8 - t e t r a o x o - l , 5 - d i a z a -  
bicyclo[3.3.0]octanes we re  synthesized,  and the i r  IR and UV spec t r a  we re  examined.  The 
N - N  bond undergoes hydrogenolys is  and the C - N  bond is c leaved when ethanol solutions a r e  
refluxed in the p r e s e n c e  of a t taney nickel ca ta lys t .  The N - N  bond is m o r e  r e s i s t an t  to 
hydrogenolys is  than is the case  for  3 ,5-dioxopyrazol id ines .  

We have prev ious ly  shown that the enolates of 1 ,2 ,4- t r i subs t i tu ted  3 ,5-dioxopyrazol id ines  (3,5-DOP) 
a r e  not changed by catalyt ic  hydrogenat ion in the p r e s e n c e  of a Raney nickel ca ta lys t .  The N - N  bond of the 
he te rocyc le  undergoes hydrogenolys is  on hydrogenat ion in neutra l  media;  1 ,2 ,4 ,4- te t rasubs t i tu ted  3,5-DOP, 
which a r e  in a fixed diketo f o r m  [2], behave in the s a m e  way. 

It seemed of in te res t  to use  this react ion for  the hydrogenolys is  of the N - N  bond in 2 ,4 ,6 ,8 - te t raoxo-  
1,5-diazabicyclo[3.3.0]octanes (I) to obtain the cor responding  t e t r a o x o - l , 5 - d i a z o c i n e s  (II). Fo r  this,  we 
synthesized s y m m e t r i c a l  and u n s y m m e t r i c a l  d i - ,  t r i - ,  and te t rasubs t i tu ted  de r iva t ives  of this s e r i e s  
(Table 1). 
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These compounds (Ia-k) we re  obtained p r i m a r i l y  by the react ion  of equimolecular  amounts  of the 
acid dichlorides of var ious ly  subst i tuted malonic acids with 4 ,4-disubst i tu ted 3 ,5-DOP [3-5], and also by 
the condensat ion of the acid dichlor ides  of disubst i tuted malonic acids with benzal  s e m i c a r b a z o n e  [6], and 
by the react ion of monosubst i tuted malonic e s t e r  with hydraz ine  hydrochlor ide  in the p r e s e n c e  of sodium 
ethoxide [7]. The bes t  yields were  observed  when the f i r s t  method was used (Table 1). Compounds Ia -k  
a r e  co lo r l e ss ,  c rys ta l l ine ,  ch romatograph ica l ly  homogeneous subs tances  that a r e  quite soluble in organic 
solvents .  

*See [1] for  communica t ion  XVII, 
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Regardless  of the number and cbarae te r  of the substituents in the 3- and 7-posit ions,  two absorption 
bands are  observed in the IR spect ra  of the compounds in the region of the C=O valence vibrat ions:  one 
with a maximum at 1760-1774 cm -1 (intense), and the other at 1730-1750 cm -1 (medium intensity). The dif- 
ference  in the position of the maxima is 29-37 cm-lo A shift of the f i rs t  band to 1792 cm -1 is noted only in 
the case  of the 7-unsubstituted compound (]b). Thus replacement  of the two phenyl groups of 1,2-diphenyl- 
3,5-DOP, in the IR spectra  of which a doublet at 1720-1750 cm -1 is constantly observed [8], by the e lec t ron-  
acceptor  residue of malonic acid leads, as expected, to a shift in the doublet to the high-frequency region. 
The IR spectra  of all of the compounds (Ia-k) also contain an intense absorption band at 1240-1275 cm -i, 
which can be ascr ibed to the valence vibrations of the C - N  bond. 

In contras t  to the IR spectra ,  the UV spectra  of Ia-k in neutral,  acidic, and alkaline ethanol enable 
one to distinguish tetrasubsti tuted f rom trisubsti tuted and symmet r i ca l  and unsymmetr ica l  disubstituted 
compounds. In neutral and acidic ethanol, one absorption band with a maximum at 232-235 nm is c h a r a c -  
ter is t ic  for all of the tetrasubsti tuted Ie-k. Two intense absorption bands a re  observed in the spect ra  of 
the t r i -  (Ic, d) and disubstituted (Ia, b) compounds:  one is found at 245 rim, and the second, b roade r  band 
of about the same intensity is situated in the longerwavelength region. It is charac te r i s t i c  that the absorp-  
tion maximum of this band is at 286-289 nm for  the 7-monosubsti tuted compounds (In, c, d), compared with 
274 nm for  the 7-ansubsti tuted compound (]b). The position of the band with a maximum at 232-235 nm of 
the tetrasubsti tuted compounds (Ie-k), which a re  not capable of enolization, does not change in alkaline 
ethanol, but a second band with a maximum at 300 nm appears .  Considering the ease of cleavage of t e t ra -  
substituted 2 ,4 ,6 ,8- te t raoxo-l ,5-diazabicyclo[3.3 .0]octanes  in alkaline media at the C - N  bond to form 
N-malonated 3 ,5- -DOP (III) and, subsequently, also N,N'-dimalonylhydrazines  (IV) [6, 9], this band can be 
ascribed to the absorption of the lactim fo rm of III. The shor t -wave  band in the spect ra  of alkaline solu-  
tions of the tr isubsti tuted compounds (Ic, d), which a re  capable of enolization, does not change position, but 
the long-wave band is shifted hypsochromical ly .  

The catalytic hydrogenation of Ia-k in the p resence  of a Raney nickel ca ta lys t  under the standard con-  
ditions (at 20 deg and a tmospher ic  pressure)  at which the N - N  bond of 3,5-DOP is cleaved [2] does not lead 
to new compounds; the bulk of the s tar t ing mater ia l  is recovered  unchanged, and a portion is i r r eve r s ib ly  
adsorbed on the catalyst .  Under more  severe  conditions (refluxing of an ethanol solution in the p resence  
of a Raney nickel catalyst  without feeding in hydrogen), chromatographica l ly  homogeneous 3 ,3-7 ,7- te t rae thy l -  
2 ,4 ,6 ,8- te t raoxo- l ,5 -d iazoc ine  (II) can be isolated in 17% yield in the case  of Ie. Absorption bands a re  d is -  
played at 3370 and 3245 cm -1 (VN_t_i) in the II:t spect rum of IIo Instead of a doublet at 1767 and 1730 cm -l, 
two bands with maxima at 1731 and 1700 cm -1, which a re  charac te r i s t i c  for  cyclic imides [10], appear in 
the spect rum of the s tar t ing compound. As in the case  of malonic acid diamides,  the absorption maximum 
in the UV spectrum in neutral and acidic ethanol lies in the shor t -wave  region below 220 nm~ In contras t  
to malonic acid diamides, however, an intense absorption band with a maximum at 243 nm appears in the 
spect rum of an alkaline solution~ During potentiometrie t i trat ion in dimethylformamide,  II ties up 2 equiv- 
alents of te t raethylammonium hydroxide. All of the data presented a re  evidence in favor  of the 1,5-diazocine 
s t ruc tu re  ascribed to IL 

In addition to II, a complex containing nickel, which could not be recrys ta l l ized ,  was isolated f rom the 
react ion solution. According to the results  of elemental analysis  for  N and Ni, its composit ion is very  c lose  
to (IIe)2Ni. 

The corresponding II could not be obtained when di-  and tr isubsti tuted azabicyclooctanes Ia-d were 
refluxed with the Raney nickel catalyst .  4 ,4-Diethyl-3 ,5-DOP was isolated in the case  of lb while ethyl- 
malonic acid diamide was isolated in the case of Iao Two paral le l  react ions apparently take place when I 
a re  refluxed with the Raney nickel catalyst :  hydrogenolysis  of the N-N  bond and hydrolysis  of the C - N  of 
both the s tar t ing compounds (1) and of the 1,5-diazocines (I1) formed.  The lat ter  is confirmed by the fact 
that the formation of diethylmalonie acid diamide was also observed in separa te  experiments with Ie. 

EXPERIMENTA L 

2,4 ,6 ,8-Tet raoxo- l ,5-d iazabicyclo[3 .3 .0]oc tanes  (Ia-k). A) Prepara t ion  of ]b-e and Ii-k. Equimolecular  
amounts (0o01 mole) of 4,4-disubstituted 3,5-DOP and malonyl chlor ide were heated to 160-170 deg and held 
at this t empera ture  for  30 mino The liquid, homogenous ,yel low react ion mass  began to c rys ta l l i ze  on cool-  
ing and was then recrys ta l l i zed  f rom an appropria te  solvent {Table 1)~ 
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B) Prepara t ion  of Ie, f, go Equimoleeutar amounts (0.01 mole) of disubstituted malonyl chloride and 
benzal semiearbazone  were heated to 170 deg and held at this t empera tu re  for  30 rain. The react ion mass  
was cooled, and the thickened mass  was reerys ta l l i zed  f rom an appropr ia te  solvent. 

C) Prepara t ion  of Iao Ethyl malonate (0o5 mole) and 0.25 mole of hydrazine  hydrochlor ide were  added 
with s t i r r ing to sidum ethoxide (1 mole), and the react ion mass  was heated to the boiling point. The mix-  
ture was refluxed for  15 min, the alcohol was removed by distillation, and the residual  mixture  was heated 
at 115-130 deg for  5 ho The react ion mass was cooled and dissolved in water .  The solution was extracted 
with ether. Acidification of the water layer  gave a crys ta l l ine  precipi tate.  

General Method of Hydrogenation. The hydrogenation of 0.001 mole of Ia-k in 20 ml of ethanol in the 
presence  of 1o0 g of W-5 Raney nickel catalyst  was ca r r i ed  out under the standar.d conditions [2] for  4 ho 
The substances isolated af ter  the hydrogenation (~ 60%) were identical to the s tar t ing mater ia ls  with respec t  
to melting points and Rf values~ 

3 ,3 ,7 ,7-Tet rae thyl -2 ,4 ,6 ,8- te t raoxo- l ,5 -d iazoc ine  (II, R' = R" = R" = R ' '  = C2H5). A solution of 4.48 g 
(0.016 mole) of Ie in 300 ml of 50% ethanol was refluxed in the presence  of 8 g of W-5 Raney nickel catalyst  
with s t i r r ing for  4 ho The catalyst  was removed by fil tration, and the fi l trate was vacuum evaporated to 
give 3.0 g (67%) of an oily green residue~ Treatment  of the residue with e ther  gave 0.8 g (17o7%) of a co lor -  
less,  crysta l l ine  substance with mp 140-142 deg (from 50% ethanol). Found: N 9.81%. C~4H22N204. Cal-  
culated: N 9.93%~ IR spect rum (v, cm-1): 3370, 3245, 1731, 1700, 1637, 1362, 1318, 1300, 1218. The sub- 
stance was soluble in ethanol and methanol, slightly soluble in chloroform, diehloroethane, and dioxane, 
and insoluble in e ther  and aqueous alkalis and acids~ One spot with Rf 0.85 was displayed during ch romato -  
graphy in a thin layer  of activity II aluminum oxide with an ethanol-25% ammonium hydroxide sys tem (5 : 1). 
Two equivalents of te t raethylammonium hydroxide were consumed in the potentiometric  t i trat ion in dimethyl-  
formamideo An oily green residue that gave a positive test  for  nickel remained after  evaporation of the 
e ther  mother  liquor. Found: N 8.69; Ni 7.90%, (C12H22N204)2Nio Calculated: N 9.05; Ni 9.50%~ 

Cleavage of Ie to Diethylmalonic Acid Diamide. A mixture of 4.0 g (0.014 mole) of Ie and 14 g of Raney 
nickel catalyst  in 15 mI of 50% ethanol was refluxed for  50 h with s t i r r ing.  The catalyst  was removed by 
filtration, and the fi l trate was vacuum evaporated to give 3o0 g (75%) of a solid residue.  Treatment  of this 
residue with ether  and rec rys ta l l i za t ion  f rom 50% ethanol gave a color less ,  crys ta l l ine  precipi tate  with 
mp 217-218 deg that was identical to diethylmalonic acid diamide [11]. 

Reaction of Ia with a Raney Nickel Catalyst on Refluxing in Ethanol. A mixture of 2.0 g (0.01 mole) 
of Ia and 8.0 g of a l~aney nickel catalyst  in 50 ml of 50% ethanol was refluxed for  6 h. The cata lyst  was 
removed by filtration, and the fi l trate was vacuum evaporated to give 1.5 g (75%) of a solid residue,  which, 
after  rec rys ta l l i za t ion  f rom 50% ethanol, melted at 215 deg [12]. Found: N 21o87%o CsHgN202. Calculated: 
N 21o54%. LR spec t rum (9, ore-i):  3344, 3194, 3153, 1675, 1650, 1558, 1540, 1521, 1505, 1260, 1150. 

Reaction of Ib with a 1Raney Nickel Catalyst  in Refluxing Ethanol. A mixture of 0.22 g (0o001 mole) 
of Ib and 1.0 g of a Raney nickel catalyst  in 30 ml of 50% ethanol was refluxed for  4 h. The cata lyst  was 
removed by filtration, and the fil trate was evaporated in vacuo to give 0.2 g (90%) of a white residue with 
mp 258 deg (.from ethanol). The substance was identical to the known 4 ,4-die thyl-3 ,5-DOP with respec t  to 

melting point and Rf value~ 

The UV spect ra  of solutions in neutral  ethanol, 0.01 N ethanolic HC1, and 0.025 N ethanolic NaOH 
(2.10 -4 and 2 . 1 0  -5 mole / l i te r )  were recorded  with an SF-4A spec t rometer .  

The I1~ spectra  of mineral  oil suspensions were recorded  with an IKS-14 spec t romete r  with NaC1 and 

LiF p r i sms .  

Compounds Ia-k were chromatographed in a thin layer  of activity III aluminum oxide on 12 by 12 cm 
glass plastes in an ethanol-25% ammonium hydroxide sys tem (5 : 1)o The spots were detected in UV light 
(with a UI-1 ut t rachemiscope with emiss ion maximum at 254 nm). 

The equivalents of Ib-d were determined in ethanol solution by t i trat ion with 0.1 N aqueous NaOH with 
phenolphthalein and bromthymol  blue as the indicators~ 
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