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It has been shown that the reduction of 1,7-diazabicyclo[4,3,0lnon-6-ene and of 2,3-dihydroimidazo[1,2-a]- 
pyridine takes place with the hydrogenolysis of the C = N  bond and the formation of 1-(fi-aminoethyl)piper- 
idine or  its 3,4-dehydro derivative. 

R is known that the catalytic hydrogenation of 2-aminopyridine forms 2-iminopiperidine and, as a result  of sub- 
sqeuent hydrogenolysis, piperidine [1]. The reduction of 2-benzylaminepyridine [2] and some lower 2-alkyl-  and 2-di-  
alkylaminopyridines [3] led to 2-benzylamino-3,4,5,6-tetrahydropyridine and the corresponding alkyl and dialkyl deriv- 
atives. However, in the case of 2-imino-l-(B-hydroxy-fl-phenylethyl)-l ,2-dihydropyridine, the absorption of 3 moles 
of hydrogen was observed with the formation of a derivative of 2-aminopiperidine [4]. 5,8-Dimethyl-5,6,7,8-tetrahydro- 
imidazo[1,2-a]pyridine has been synthesized by the hydrogenation of 5,8-dimethylimidazo[1,2-a]pyridine [5]. 

We have studied the reaction of various 2-aminopyridines in order  to pass to diazabicyclic compounds 
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In the hydrogenation of 2-{fl-hydroxyethylamino)pyridine (1) over platinum oxide, 2 moles of hydrogen were ab- 
sorbed with the formation of 2-{fi-hydroxyethylamino)-3,4,5,6-tetrahydropyridine (l'I) which, after the replacement of 
the hydroxyl group by chlorine, cyclized to give 1,7-diazabicyclo[4,3,0]non-6-ene (III). The same compound was ob- 
tained by the vacuum distillation of II. 

On further reduction of III with lithium aluminum hydride, sodium borohydride, or  catalytically over platinum 
oxide, the hydrogenolysis of the C~-N~ bond took place with the formation of 1-(fl-aminoethyl)piperidine (IV), identical 
with that obtained by independent synthesis [6]. 

The ease of cleavage of the C = N  bond in the bicyclic compound IH was also noted when HI was heated with water, 
giving 1-~-aminoethyl)-2-oxopiperidine (V), which was reduced by lithium aluminum hydride to the amine IV. 

The reduction of 2,3-dihydroimidazo[1,2-a]pyridine (VI) [71, which is the cyclic form of a substituted 2-aminopyr-  
idine, was accompanied, just as in the case of III, by the hydrogenolysis of the C ~ N  bond: the catalytic hydrogenation 
of the hydrochloride of VI gave the amine IV, and the reduction of the free base VI with sodium borohydride gave 1-(fl- 
aminoethyl)-l ,2,5,6-tetrahydropyridine (VII). The structure of the latter was confirmed by its synthesis by an indepen- 
dent route [8, 9]. The amine VH was converted into 1-{fl-benzoylaminoethyl)-l,2,5,6-tetrahydropyridine (VIII). 

EXPERIMENTAL 

2-(fl-Hydroxyethylamino)-3,4,5,6-tetrahydropyridine (ID. A solution of 5 g of the hydrochloride of 2-(fl-hydroxy- 
ethylamino)pyridine (I) in 50 ml of absolute ethanol was reduced with hydrogen in the presence of 0.2 g of platinum oxide. 
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A f t e r  the abso rp t ion  of 2 moles  of hydrogen the r e a c t i o n  ceased .  The p l a t inum b lack  was f i l t e r ed  off, the a lcohol ic  
solut ion was evapo ra t ed  in vacuum,  and the r e s i d u e  was t r e a t e d  with 50% p o t a s s i u m  ca rbona te  solut ion and ex t r ac t ed  
with ch lo ro fo rm.  This  gave 3.4 g (84%) of II in the fo rm of a c o l o r l e s s  v i scous  l iquid soluble  in o rgan ic  so lvents  and in 
wa t e r .  Found %: C 58.78; H 9.71; N 19.76. CTHI4N20. Ca lcu la ted  %: C 59.12; H 9.92; N 19.70. 

1 ,7 -Diazab icyc lo [4 ,3 ,0 ]non-6 -ene  (HI). A) Compound II, obta ined by the method d e s c r i b e d  above f rom the r e d u c -  
t ion of 7 g of I was conver t ed  by the ac t ion of an e thanol ic  solut ion of hydrogen ch lor ide  with subsequent  d i s t i l l a t i on  of the 
ethanol  in vacuum into the hyd roch lo r ide ,  which cons i s t ed  of a n o n c r y s t a l l i z i n g  o i ly  l iquid.  The hydroch lo r ide  was d i s -  
so lved  in 40 ml of ch lo ro fo rm,  6 ml of th ionyl  ch lo r ide  was added,  and the r e a c t i o n  mix ture  was boi led  for  4 hr .  The 
c h l o r o fo rm  and the e x c e s s  of th ionyl  ch lo r ide  were  d r iven  off in vacuum,  the r e s i d u e  was t r e a t e d  with 50% caus t ic  soda 
solut ion,  and the r eac t i on  p r o d u c t s  we re  e x t r a c t e d  with e the r .  This  gave 3 g (60%) of III. C o l o r l e s s  l iquid r e a d i l y  s o l -  
uble in o rgan ic  so lvents  and in wa te r .  Bp 90~ (10 ram); n~ 1.5068. IR spec t rum:  1628 cm -1 ( -C  ~ N ) .  Found %: C 
68.04; H 9.40; N 22.84. C~HI2N 2. Ca lcu la ted  %: C 67.62; H 9.75; N 22.54. P i c r a t e .  Yellow c r y s t a l s  r e a d i l y  soluble  in 
w a t e r  and ace tone ,  s p a r i n g l y  in e thanol ,  and insoluble  in e ther .  Mp 143-146~ Found %: C 44.13; H 4.23; N 20.10. 
CTH12N 2 �9 C6H3NsO ~. Ca lcu la ted  %: C 44.19; H 4.28; N 19.82. 

B) One g r a m  of 2 -{ f i - hyd roxye thy l amino ) -3 ,4 ,5 ,6 - t e t r a hyd ropy r id ine  was heated in vacuum (10 mm) at  155-160~ 
whereupon 0.7 g (94%) of III d i s t i l l ed  over .  Bp 90~ (10 ram); n~ 1.5068. P i c r a t e .  Mp 143-146~ A mix tu re  with a 
s amp le  obta ined by method (A) gave no d e p r e s s i o n  of the mel t ing  point .  

Reduction of 1 ,7 -d iazab icyc l i [4 ,3 ,O]non-6-ene  (III). A) A solut ion of 1.8 g of III in 30 ml of a mix ture  of e the r  and 
benzene (1 : 1) was poured  into a suspens ion  of 2 g of l i th ium a luminum hydr ide  in 30 ml of the s ame  mix tu re .  The r e -  
sul t ing mix tu re  was hea ted  at  55-60~ for  20 hr ,  and was cooled and t r e a t e d  with 4 ml of wa te r .  The meta l  hydrox ides  
were  f i l t e r e d  off and washed with benzene ,  and 1.6 g (86%) of 1 - f l - aminoe thy lp ipe r id ine  (IV) was obtained.  Mobile  c o l o r -  
l e s s  l iquid,  so luble  in o rgan ic  so lvents  and in wa te r .  Bp 62-63~ (8 ram); n~ 1.4783. Found %: C 65.28; H 12.34; N 
21.58. CTH16N 2. Calcu la ted  %: C 65.52; H 12.57; N 21.83. P i c r a t e .  Mp 225~ [10]. 

B) At  r o o m  t e m p e r a t u r e ,  7 g of sodium borohydr ide  was added in po r t ions  to a solut ion of 2 g of III in 50 ml of 
methanol .  Af t e r  24 hr ,  the solut ion was evapora ted ,  the r e s i d u e  was d i s s o l v e d  in 20 ml of wa te r ,  and the r eac t i on  p r o d -  
uc ts  were  e x t r a c t e d  with e the r .  This  gave 1.4 g (70%) of IV. 

C) A mix tu re  of 1.2 g of III, 0.2 g of p la t inum oxide,  and 40 ml of methanol  was shaken with hydrogen.  Af t e r  the 
abso rp t ion  of 2 moles  of hydrogen  the p la t inum b lack  was f i l t e r e d  off, the e thanol ic  solut ion was evapora ted ,  and the r e -  
s idue was d i s t i l l ed .  This  gave 0.85 g (67.5%) of IV. 

1 - ( f l -Aminoe thy l ) -2 -oxop ipe r id ine  (V). A solut ion of 2 g of III in 20 ml of wa te r  was boi led  for  6 hr .  The r e a c t i o n  
mix ture  was t r e a t e d  with 50% caus t i c  po tash  solut ion and e x t r a c t e d  with benzene ,  which gave 1.7 g (80%) of V in the  
fo rm of a c o l o r l e s s  l iquid so lub le  in wa te r  and o rgan ic  so lvents .  Bp 154-156~ (13 mm).  IR spec t rum:  1638 cm -1 ( C O -  
N<) ,  3310 cm - l ,  3360 cm -I (NH2). Found%:  C 59.03; H 9.90; N 19.65. CTH14N20. Ca l cu l a t ed%:  C 59.11; H 9.92; N 
19.70. 

Reduct ion of 1 - ( f l - aminoe thy l ) -2 -oxop ipe r id ine .  By the method d e s c r i b e d  above,  2 g of V in a mix ture  of 30 ml of 
e the r  and 30 ml of benzene was r educed  with 3 g of l i th ium a luminum hydr ide .  The r e a c t i o n  p roduc t s  were  ex t r ac t ed  
with e the r ,  giving 1.7 g (70%) of 1 - ( f l - aminoe thy l )p ipe r id ine  (IV). 

Reduct ion of 2 , 3 - d i h y d r o i m i d a z o [ 1 , 2 - a ] p y r i d i n e  (VI). A) Some 2.5 g of the hydroch lo r ide  of VI in 30 ml of me th -  
anol was sub jec ted  to hydrogena t ion  with 0.2 g of p l a t inum oxide.  This  gave 1.7 g (95%) of IV. 

B) At  10-15~ 15 g of sodium borohydr ide  was added in po r t ions  to a solut ion of 5 g of VI in 100 ml of methanol .  
The r e a c t i o n  mix tu re  was bo i led  for  10 hr  and evapo ra t e d  in vacuum,  the r e s i d u e  was d i s so lved  in 30 ml of wa te r ,  and 
the r e a c t i o n  p r o d u c t s  we re  e x t r a c t e d  with benzene.  This  gave 2.25 g (43.5%) of VII in the fo rm of a mobi le  c o l o r l e s s  
l iquid.  Bp 100~ (36 mm); n~ 1.4887. Found %: C 65.98; N 11.40. CTHI4N 2. Calcu la ted  %: C 66.62; H 11.18. D ip ic ra t e .  
Yellow c r y s t a l s  so luble  in ace tone ,  insoluble  in wa te r  and e the r ,  s p a r i n g l y  soluble  in ethanol .  Mp 195-197~ (f rom e th-  
anol).  Found %: C 39.18; H 3.48; N 19.48. CTH14N 2 "2C6H3N307. Ca lcu la ted  %: C 39.04; H 3.43; N 19.20. 

1 - ( ~ - B e n z o y l a m i n o e t h y l ) - l , 2 , 5 , 6 - t e t r a h y d r o p y r i d i n e  (VIII). At  - 1 to + 2 ~ 1.12 g of benzoyl  ch lo r ide  was added 
to a so lu t ion  of 1 g of VII in 3 ml of wa te r  containing 0.41 g of caus t i c  soda.  Af te r  15 rain, the r e a c t i o n  p roduc t s  were  
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extracted with benzene. This gave 1.45 g (79%) of VIII. Color less  viscous liquid readi ly  soluble in benzene and sparingly 
soluble in ether.  Mp 74-75~ (from a mixture of ether and petroleum ether); bp 168-170~ (0.7 mm). Found %: C 73.27; 
H 7.49; N 12.40. C14H18ON2. Calculated %: C 73.01; H 7.88; N 12.16. 

R E F E R E N C E S  

1. T. B. Grave, J. Am. Chem. Soc., 46, 1460, 1924. 
2. L. Birkhofer,  Bet . ,  75, 429, 1942. 
3. M. F re i f e lde r ,  R. W. Mattoon, and Y. H. Ng, J.  Org. Chem., 29, 3730, 1964. 
4. S. L. Shapiro, H. Soloway, and L. Freedman,  J. Org. Chem., 26, 818, 1961. 
5. A . M .  Roe J. Chem. Soc., 2195, 1963. 
6. H. Najer  and R. Giudicelli ,  J. Sette, Bull. Soc. Chim. France ,  556, 1962. 
7. O. Bremer ,  Ann., 521, 286, 1935. 
8. E. E. Mikhlina and M. V. Rubtsov, ZhOKh, 33, 2167, 1963. 
9. E. E. Mikhlina, V. Ya. Vorob'eva,  V. I. Sheichenko, and M. V. Rubtsov, ZhOrKh, 1, 1336, 1965. 

10. M. F re i fe lde r ,  J. Am. Chem. Soc., 82, 2386, 1960. 

11 November 1968 

Ordzhonikidze All-Union Scient i f ic -Research  
Chemical and Pharmaceut ica l  Institute, Moscow 

459 


