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7-Benzyl -3-oxo-7H,1 ,2 ,3 ,4 ,5 ,6 -hexahydropyr ro lo[2 ,3-c ]pyr idaz ine  was synthesized f r o m  1-benzyl -  
2 ,3-dioxopyrrol id ine  through the c o r r e  sponding 3-hydroxy,  3-chloro ,  3-  (diethoxyearbonyl)methyl,  
and 3-e thoxycarbonylmethyl  der iva t ives .  The F i s che r  cycl izat ion of cyclohexanone 5 - c h l o r o - 2 -  
pyr idazylhydrazone ,  which leads to 2 - c h l o r o - l , 9 a - d i a z a - 5 , 6 , 7 , 8 - t e t r a h y d r o e a r b a z o l e ,  was studied. 

In cont ras t  to the i somer i c  py r ro lopyraz ine  and pyr ro lopyr imid ine  condensed sys t ems ,  which have been 
the subject of r a t he r  intensive study in recent  y e a r s  in connection with the d iscovery  and study of the ant i -  
biot ics  tubereidin,  toyocamyein ,  and sangivomyein,  pyr ro lo[2 ,3-c ]pyr idaz ines  and the cor responding  hydro-  
genated compounds and the i r  de r iva t ives  have not been descr ibed  in the l i t e ra tu re .  

We have developed the synthes is  of a par t i a l ly  hydrogenated der ivat ive  of the pyr ro lo[2 ,3-c]pyr idaz ine  
s y s t e m  [1] via the following scheme:  

~-S: - -  N ~  ~ ~N---~ ~ ' . ~--N--~ H(c~176 
{ I I l 

CH2CBH 5 CH2C6Hs CH2C6H s CH2C6H5 

' I I I i 
CHzC6H S CH2CaH 5 CH2C6H5 CH2C6H 5 CH2C6H 5 

I_~CH2COOCH~ 
~ 

-N;r OC2 H s 
t BF 4- CH2C6H5 

VIII a 

III VIII VII 

II II 1.2ticI 
N - . N ~ N 7  

H I H I I 
CH2CsH 5 CH2C6H 5 CH2C6H 5 

IX X! X 

1-Benzyl -2 ,3 -d ioxopyr ro l id ine  (I), which is obtained as a resul t  of the react ion  of methyl  acry la te  with benzyl -  
amine and subsequent cycl izat ion of the resul t ing f l -benzylamtnopropionic  acid e s t e r  with diethyl oxalate [2], 
was used  as the s ta r t ing  compound in this  synthes is .  Reaction of dioxo compound I wLth th iosemiea rbaz ide  
gave the cor responding  th iosemica rbazone  (II), which, in cont ras t  to its two- r ing  a n a l o g -  isat in t h io semi -  
carbazone  (the p repa ra t ion  methisazone)  - does not have ant ivirus activity.  When the Reformatsk i i  react ion  
was c a r r i e d  out with zinc and the b romoace ta te  of I, it underwent a considerable  degree of self-~.ondensation 
to give 1 -benzy l -2 ,3 -d ioxo-4 -  ( l ' - b e n z y l - 2 ' - o x o - 3 ' - p y r r o l i d y l i d e n e ) p y r r o l i d i n e  {III) due to the high re activity 
of the methylene group in the c~ posit ion re la t ive  to the ketone carbonyl  group. In this connection, the malonic  
e s t e r  synthes is  was used  to obtain the compound with an acet ic  acid residue in the 3 position of the pyrrol id ine  
r ing.  The 3-oxo group in dione I underwent se lec t ive  reduction to a hydroxyl  group. In contras t  to the method 
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of cata lyt ic  hydrogenat ion in the p re sence  of plat inum descr ibed  in [3], we used  the p r e p a r a t i v e l y  more  con-  
venient reduct ion with sodium borohydride .  The 1 -benzy l -2 -oxo-3 -hydroxypyr ro l id ine  (IV), which was ob-  
ta ined in 77.5%yield, was conver ted  by the action of thionyl chloride at r oom t e m p e r a t u r e  to the cor responding  
3-ch loro  der ivat ive  (V), which re acted with sodiu_m malonic  e s t e r  to give 1 -benzy l -2 -oxo -3 - (d i e thoxyca rbomyl -  
methyl )pyrro l id ine  (VI). Saponification and par t i a l  decarboxylat ion of d i e s t e r  VI by refluxing for  4 h with 18% 
hydrochlor ic  acid did not involve the amide group [the reac t ion  was moni tored  by t h in - l aye r  ch romatography  
(TLC)] and made it poss ib le  to obtain acid VII in quanti tat ive yield.  It was subsequently found that it was 
more  convenient not to isolate  acid VII in pure  f o r m  but r a t h e r  to d i rec t ly  e s t e r i fy  it to 1 - b e n z y l - 2 - o x o - 3 -  
methoxycarbonylmethylpyr ro l id ine  (VIII). It was n e c e s s a r y  to subject  the r ing amide group to p r i o r  ac t iva-  
t ion in o r d e r  to close the pa r t i a l ly  hydrogenated pyr idazine ring on the bas is  of amido e s t e r  VIII and hydra -  
zine hydra te .  For  th is ,  VIII was conver ted  by t r ea tmen t  with t r ie thyloxonium te t ra f luorobora te  to the c o r -  
responding t e t r a f luo robora t e  complex  (VIIIa), which we were  also able to cycl ize to 7 -benzy l -3 -oxo-7H, -  
1 ,2 ,3 ,4 ,5 ,6-hexahydropyrro lo[2 ,3-c]pyr idaz ine  (IX). When it was not conver ted  to the t e ra f luo robora t e  c o m -  
plex (Villa), cycl izat ion of amido e s t e r  VIII with hydrazine in benzene,  xylene, acetone,  and alcohols at room 
t e m p e r a t u r e  and by heating did not give posi t ive resu l t s .  The yield of the two- r ing  product  was only 30-40% 
even when t e t r a f luo robora t e  complex VIIIa was heated to 160~ 30%VIII was conver ted  to monocycl ic  hydra -  
zide X, which was conver ted  to IX by heating to the boiling point with phosphorus oxychloride.  Compound IX 
undergoes  des t ruct ion during dehydrogenation o r  under  the influence of reducing agents under  s eve re  con- 
ditions, but, like some cycl ic  amines  [4], it is capable of undergoing convers ion  to an O-dichlorophosphoryl  
der ivat ive  on t r e a t m e n t  with phosphorus  oxychlor ide.  Compound XI was obtained in quanti tat ive yield; it is 
r econver t ed  to IX on t r e a t m e n t  with wa te r  and alcohol. 

It is in teres t ing to note that  in the F i sche r  cycl izat ion of cyclohexanone 5 -ch lo ro -2 -pyr idazy lhydrazone  
(:KID, instead of the no rm a l  indolization to give a par t i a l ly  hydrogenated condensed diazaindole sys tem,  the com-  
pound undergoes  cyel izat ion at the azine ni t rogen atom, and a new he te rocyc l ic  s y s t e m  of a par t i a l ly  hydro-  
genated 2 - c h l o r o - l , 9 a - d i a z a c a r b a z o l e  (XIII) is formed;  this is due to the inc reased  e lec t ron  density on the 
ni t rogen a tom of the pyr idazine r ing and the reduced density of the e lec t rons  on the carbon atoms of the dia-  
zine ring, as also occurs  in the case  of 2 -pyr idy lhydrazones  [5]. 
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The reac t ion  in the p re sence  of the most  active ca ta lys t  of the F i sche r  react ion  in azine s y s t e m s  - zinc ch lo r -  
ide [6] - occu r s  only under  ve ry  seve re  conditions - at 250-260 ~ The less  s table  eyclohexanone 2 -py r idazy l -  
hydrazone,  which does not have a s tabi l iz ing chlorine a tom in the 5 position, undergoes  complete  res in i f ica t ion 
under  these  conditions.  

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

.1-Benzyl-2 ,3-dioxopyrrol id ine  Th iosemica rbazone  (II). A solution of 1 g (5 mmole)  of I in 10 ml  of 96% 
alcohol was added to a solution of 0.48 g (5 mmole)  of th iosemica rbaz ide  in 10 ml  of 50%ethanol, and the mix -  
tu re  was ref luxed for  30 min.  The resul t ing prec ip i ta te  was r emoved  by f i l t ra t ion to give 1.15 g (83.5%) of 
white c ry s t a l s  of t h iosemica rbazone  II with mp 214-215 ~ (from aqueous alcohol). The product was only slightly 
soluble in alcohol and o ther  o rd inary  organic  solvents  but was more  soluble in water .  Found: C 55.1; H 5.2; 
N 21.6; S 12.1%. C~2H14N4SO. Calculated: C 55.0; H 5.3; N 21.4; S 12.2%. 

1 - B e n z y l - 2 , 3 - d i o x o - 4 - ( l ' - b e n z y l - 2 ' - o x o - 3 ' - p y r r o l i d y l i d e n e ) p y r r o l i d i n e  (III). A solution of 1 g (5 mmole)  
of dioxo compound I in 10 ml  of anhydrous benzene was added to a mixture  of 1.86 g i l l  mmole)  of b romoace t i c  
e s t e r  and 0.72 g i l l  mmole)  of zinc dust in 50 ml  of anhydrous benzene, and the m[xture  was ref iuxed for  3 h 
with moni tor ing of the d i sappearance  of s ta r t ing  I by th in - l aye r  ch romatography  (TLC). The resul t ing  p rec ip i -  
ta te  was r emoved  by t i t r a t i o n  and r e c r y s t a l l i z e d  f rom benzene to give 0.5 g (28%) of co lo r less  c ry s t a l s  of IH 
with mp 174-175 ~ The product was soluble in alcohol and ch lo ro form bat only slightly soluble in e ther ,  benzene, 
and water .  Found: C 73.6; H 6.0; N 7.5%. C22H20N203. Calculated: C 73.5; H 5.6; N 7.8%. 

1 -Benzy l -2 -oxo-3 -hydroxypyr ro l id ine  {IV). A 2o4-g (63 mmole)  sample  of sodium borohydride was added 
in por t ions  with constant  s t i r r ing  to a solution of 4.6 g (24 mmole)  of dioxo compound I in 15 ml of methanol,  
and the mixture  was then s t i r r e d  at r oom t e m p e r a t u r e  for  20 min.  Wate r  (50 ml) was added, and IV was ex-  
t r a c t e d  with ch lo roform.  The res idue  remain ing  a f te r  r emova l  of the ch lo ro fo rm by dist i l lat ion was r e c r y s t a l -  
l ized f r o m  cyclohex~none to give 3.6 g (77.5%) of co lo r l e s s  c ry s t a l s  of IV with mp 69-70 ~ [3]. 
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1-Benzyl -2-oxo-3-ch loropyr ro l id ine  (V). A 1-ml  (14 mmole) sample of thionyl chloride was added 
dropwtse to 2.1 g (11 mmole) of hydroxy derivative IV dissolved in 15 ml of anhydrous chloroform,  and the 
mixture was allowed to stand at room tempera tu re  overnight. It was then evaporated to dryness,  and the 
thionyl chloride residue was removed by distillation with benzene. The residue was distilled at 156-157 ~ 
(2 mm) to give 1.9 g (82.6%) of color less  c rys ta l s  of V with mp 51-52 ~ The product was soluble in chloro-  
fo rm and alcohols but only slightly soluble in e ther  and water.  Found: C 63.1; H 5.8; C1 16.9; N 6.8%. 
CilH12CINO. Calculated: C 63.0; H 5.7:C1 17.0; N 6.7%. 

1-Benzyl-2-oxo-3-(die thoxycarbonylmethyl)pyrrol id ine  (VI). A 5-g (22 mg-atom) sample of sodium was 
pulver ized in 30 ml of anhydrous xylene, after  which 5 ml (31 mmole) of malonic e s t e r  was added, and the 
mixture was allowed to stand at room tempera tu re  for 30 min. It was then heated at 100 ~ until the chunks 
of sodium metal vanished completely.  A 2.5-g (12 mmole) sample of chloride V was then added, and the mix-  
ture was refluxed for 4 h. It was then t rea ted  with 10 ml of water,  and the xylene layer  was separated.  The 
aqueous layer  was ext rac ted  with chloroform,  the combined extracts  were dried with magnesium sulfate, 
and the solvent was vacuum evaporated.  The residue was distilled at 210-212 ~ (2 ram) to give 2.8 g (70%) 
of dies ter  VI. Found: C 64.6; H 6.9; N 4.2%. Ct8Hm3NO 5. Calculated: C 64.8; H 6.9; N 4.2%. 

1-Benzyl -2-oxo-3-carboxymethylpyr ro l id ine  (VII). A solution of 2.8 g (8 mmole) of diester  VI in 10 ml 
of 18%hydrochloric acid was refluxed for 4 h with monitoring of the end of saponification and part ial  decar -  
boxylation by TLC. The hydrochlor ic  acid was removed by vacuum evaporation to give 1.96 g (100%) of VII 
with bp 214-215 ~ (3 mm). The product was only slightly soluble in ether,  benzene, and chloroform but more 
soluble in alcohols, water,  and acetone. Found: C 66.8; H 6.5; N 5.9%. Ci3tt15NO3. Calculated: C 67.0; H 6.4; 

6.0%. 

1-Benzyl -2-oxo-3-methoxycarbonylmethylpyrro l id ine  (VIII). A 6.4-g (19 mmole) sample of diester  VI 
was refluxed in 20 ml of 18%hydrochloric acid, after  which the solution was vacuum evaporated to dryness,  
and 5 ml of anhydrous ch loroform and 4 ml (56 mmole) of thionyl chloride were added to the residue.  The 
mixture was allowed to stand at room tempera ture  overnight, after which it was vacuum evaporated to dryness .  
The thionyl chloride residues were removed by distillation with benzene, after  which 10 ml of methanol was 
added, and the mixture was refluxed for 3 h. It was then vacuum evaporated, and the residue was t rea ted  with 
50% aqueous potass ium carbonate solution and extracted with benzene. The benzene extract  was dried with 
magnesium sulfate and vacuum evaporated,  and the residue was fract ionated to give 3 g (63%) of VIH with bp 
176-178 ~ (2 mm). Found: C 68.0; H 7.0; N 5.7%. Ci4HiINO 3. Calculated: C 67.9; H 6.9; N 5.7%. 

7-Benzyl-3-oxo-7H,1,2 ,3 ,4 ,5-hexahydropyrrolo[2 ,3-c]pyr idazine  (IX). A) A solution of 3.6 g (14 mmole) 
of amido es t e r  VIII in 5 ml of anhydrous chloroform was added with s t i r r ing  to a cooled (to 0 ~ solution of 3.3 g 
(23 mmole) of tr iethyloxonium te t raf luoroborate  in 10 ml of anhydrous chloroform, and the mixture was s t i r -  
red at room tempera ture  for 3 h and allowed to stand overnight. It was then vacuum evaporated,  and 0.8 g 
(16 mmole) of hydrazine hydrate was added. The mixture was then s t i r red  as the tempera ture  was gradually 
ra ised in the course of 1.5 g to 160 ~ It was then cooled and t rea ted  with 5 ml of 20%sodium hydroxide solution. 
Compound IX was extracted with benzene. The benzene extract  was dried with magnesium sulfate and vacuum 
evaporated to dryness  to give 1 g (31%) of IX with mp 179-181 ~ Found~ C 67.7; tt 6.6%. C13HIsN30. Calculated: 
C 68.1; H 6.6%. The hydrochloride was obtained as color less  c rys ta l s ;  with mp 189-190 ~ that were quite solu-  
ble in alcohols and water  but only slightly soluble in acetone, ether,  and benzene. Found: C 58.5; H 6.0; C1 
13.3; N 15.7%. C13H15N3 O. Calculated: C 58.7; H 6.0; C1 13.4; N 15.8%. 

Additional extract ion with ch loroform yielded 1.89 g (53%) of X as color less  c rys ta l s  with mp 104-105 ~ 
(from ether).  Found: C 63.2; H 7.2; N 17.0%. C13Hi~N302. Calculated: C 63.1; H 6.9; N 17.0%. 

B) A 0.4-g (1.6 mmole) sample of hydrazide X was refluxed with 1 ml of phosphorus oxychloride for 30 
rain, after  which the mixture was poured over  ice, and the aqueous mixture was made alkaline with 50% aqueous 
potass ium carbonate solution and extracted with benzene. Removal of the benzene by distillation gave 0.25 g 
(67%) of IX with mp 179-181 ~ No melting-point depression was observed for a mixture of this product with a 
sample of IX obtained by method A. The IR spec t ra  of the two samples were identical. 

7 -Benzyl -3-d ich lorophosphoryloxyl -1 ,4 ,5 ,6- te t rahydropyrro lo  [2,3-c ]-pyridaz ine Dihydrochloride (XI). 
A mixture of 0.1 g (0.4 mmole) of IX and 2 ml of f reshly  distilled phosphorus oxychloride was heated at 80- 
90 ~ for 2 h, after which it was diluted with 10 ml of anhydrous ether .  The precipitated yellow crys ta l s  of XI 
were removed by fil tration to give 0.15 g (quantitative yield) of a product with mp 134-135 ~ The product was 
only slightly soluble in e ther  and benzene and was converted to s tar t ing IX by the action of water or  alcohol. 
Found: C 37.7; H 4.0; N 10.3%. C13HI4C12N30~P. 2HC1. Calculated: C 37.3; H 3.6; N 10.1%. 
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Cyclohexanone 5 -Ch lo ro -2 -pyr idazy lhydrazone  (XII). A 2-g (14 mmole)  sample  of 5 - c h l o r o - 2 - h y d r a -  
z inopyridazine was t ~ t u r a t e d  thoroughly with 3 m l  (30 mmole)  of cyclohexanone,  and the ,mixture  was allowed 
to stand at r oom t e m p e r a t u r e  for  30 rain. It wag then t r e a t ed  with 3 ml  of  methanol ,  and the prec ip i ta ted  XII 
was r e m o v e d  by f i l t ra t ion  to give 2.6 g (84%) of  co lo r l e s s  c ry s t a l s  with mp 149-150 ~ ( f rom alcohol).  The p r o -  
duct was only sl ightly soluble in e the r  and benzene but was more  soluble in ch loroform,  alcohols,  and acetone.  
Found: C 53.5; H 5.7; N 24.7%. CIoH13CIN 4. Calculated: C 53.5; H 5.8; N 24.9%. 

2 - C h l o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o - l , 9 a - d i a z a c a r b a z o l e  (XIII). A 9-g (40 mmole)  sample  of hydrazone XII 
was s t i r r e d  with 18 g (130 mmole)  of  fused zinc chlor ide,  and the mixture  was quickly placed in a Wood's  
meta l  bath heated to 250 ~ After  the onset  of the exo the rmie  react ion,  the f lask was quickly removed  f rom 
the bath and allowed to stand until  the marked ly  exo the rmic  p roce s s  was complete .  The reac t ion  was then 
brought  to complet ion by heating at 250-260 ~ for  1-2 min in a Wood's  meta l  bath. It was then cooled and d i s -  
solved in 50 ml  of  concent ra ted  hydrochlor ic  acid, and the solution was t r e a t e d  with 50 ml  of water .  The non- 
res in i f ied  reac t ion  products  w e r e  ex t rac ted  with e ther ,  and the e the r  ex t rac t  was dr ied with magnes ium sul -  
fate and evapora ted  to give 1.7 g (25%) of yellow c ry s t a l s  of XIII with mp 133-134 ~ ( f rom ether)  and bp 183-184 ~ 
(1.5 mm) .  The product  was quite soluble in mos t  of the o rd inary  organic  solvents  but only sl ightly soluble in 
wa te r  and e the r .  Found: C 57.8; H 4.9; C1 16.8; N 20.4%. C10H10CiN3. Calculated: C 57.8; g 4.8; C1 17.1; 
N 20.2%. Additional ex t rac t ion  with ch lo ro fo rm yielded 1.6 g (35.6%) of s ta r t ing  XII. 

Nonobservance  of the t e m p e r a t u r e  conditions indicated in the above descript ion,  an increase  in the heat -  
ing t ime ,  and an inc rease  in the amount of  zinc chloride led to cons iderably  g r e a t e r  res in i f ica t ion  of the r e -  
action products .  
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