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The chemical properties of 1,4- and 1, 5-diazabicyclo[4, 4, 0]decanes 
and their 5- and 4-oxo derivatives, respectively, have been studied, 

The p r e s e n t  paper  is devoted to a c o m p a r a t i v e  study 
of the p r o p e r t i e s  of the i s o m e r i c  b ieyc l ie  l ac t ams  4-  
oxo-1,  5-d iazabicyc lo[4 ,  4, 0]deeane (I) and 5-oxo-1 ,  4-  
d iazabicyclo[4 ,  4, 0]decane (II) and a lso  the products  
of the i r  reduc t ion  by l i th ium a luminum h y d r i d e - - i ,  5- 
and 1, 4 -d iazab icyc lo[4 ,  4, 0]deeanes (III and IV). 

L a c t a m  I was obtained by the Beckmann  r e a r r a n g e -  
ment  of the ox ime  of 7 - o x o - l - a z a b i c y c l o [ 4 ,  3, 0]nonane 
[1], and l ac t am II by the r eac t ion  of 2 - e thoxyca rbony l -  
p ipe r id ine  and e thy lene imine  [2]. 1, 5- and 1, 4 - d i a z a -  
bicyclo[4,  4, 0]decanes (III and IV) were  syn thes ized  by 
the reduc t ion  of the l a c t a m s  I and II with l i th ium a lu -  
minum hydride.  
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Compound I r ead i ly  hydro lyzes  on being heated with 
hydroch lo r i c  acid to 100 ~ C, giving the unsa tura ted  
acid V and ammon ium chlor ide ,  which apparent ly  a r i s e  
as a r e s u l t  of the c l eavage  of the in i t ia l  hydro lys i s  
p r o d u c t - - 2 - a m i n o - l - ( f l - c a r  boxyethyl)piper idine.  
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At tempts  to r e c r y s t a l l i z e  the technica l  acid V and 
a lso  to e s t e r i f y  it  led to res in i f i ca t ion .  Consequent ly ,  
the mix tu re  of subs tances  obtained in the hydro lys i s  of 
the l ac t am I was subjected,  without pur i f ica t ion ,  to 
ca ta ly t ic  hydrogenat ion and subsequent  e s t e r i f i ca t ion .  
The 1- ( f l -e thoxycarbonyle thyl )p iper id ine  (VI) f o r m e d  
p roved  to be ident ica l  in i ts  phys ica l  constants  and IR 
s p e c t r u m  with the compound obtained by the a lkyla-  
tion of p iper id ine  with ethyl f l -eh loropropiona te .  

The l ae tam II could not be saponif ied on being heated 
with hydroch lo r i c  acid to 180 ~ C. 

Aeyla t ion  of compound I with ace t i c  anhydride,  and 
a lso  methy la t ion  with a mix tu re  of fo rma ldehyde  and 
f o r m i c  acid at 100 ~ C led to r e s inous  subs tances .  Con-  
sequent ly ,  to syn thes ize  5 - m e t h y l - I ,  5 -d iazab icye lo  
[4, 4, 0]decane (VIIb), compound III was conver ted  into 
the 5 - f o r m y l  de r i v a t i ve  (VIIa), which was then reduced  
to (VIIb). The r eac t i on  of compound III with e thylene 

oxide enabled 5 - ( f l -bydroxye thy l ) - l ,  5 -d iazabieyclo[4 ,  
4, 0]decane (VIIo) to be obtained 
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The  r e s i n i f i e a t i o n  p r o c e s s e s  obse rved  in the a e y l a -  
tion and alkylat ion of compound III in at, acid med ium 
a re  poss ib ly  connected with an i n c r e a s e  in the par t i a l  
pos i t i ve  cha rge  on the C G atom through the protonat ion 
of the N 1 atom and the appearance  of an e l e c t r o n - a c -  
cept ing  subst i tuent  on the N~--C s bond and the appea r -  
ance of AZ- te t r ahydropyr id ines ,  which read i ly  undergo 
change.  

C o n v e r s e l y ,  the a lkyla t ion and acyla t ion  of c o m -  
pound IV under s i m i l a r  condit ions took place ,  as was 
to be expected ,  with good y ie lds  g iv ing i ts  4 - s u b s t i -  
tuted d e r i v a t i v e s  (VIIIa-VIIIo) .  

The  hydro ly t ic  c leavage  of eompoundIII  was achieved 
only by heat ing it  with hydroch lo r i c  acid at 150 ~ C. The 
high t e m p e r a t u r e  r e q u i r e d  in this case  for  the c l e a v -  
age of the Ns--C 6 bond is apparen t ly  due to the absence  
of an e l e c t r o n - a c c e p t i n g  subs t i tuent  p romot ing  this 
p r o c e s s  on the N 0 a tom in the b icyc l ic  compound III. 
The  1 - (y - aminop ropy l ) -A2- t e t r ahyd ropy r id ine  d ihydro-  
ch lor ide  f o r m e d  in the hydro lys i s  was reduced  to 1- 
(T-aminopropyl )p iper id ine  (IX), the s t r u c t u r e  of which 
was conf i rmed  by ana lys i s  and i ts  IR spec t rum.  

EXPERIMENTAL 

Hydrolysis of 4-oxo-1, 5-diazabicyclo[4, 4, 0]decane (I). A solu- 
tion of 3 g (0.0195 mole) of the laetam I [1] in 35 ml of cone HC1 
was boiled for 9 hr and was then evaporated to dryness in vacuum. 
The technical product was dissolved in 50 ml of 1 N HCI, 0.2 g of 
platinum oxide was added, and the mixture was shaken in a current 
of hydrogen. Hydrogenation ceased after the absorption of one mole 
of hydrogen. The platinum black was filtered off, the hydrochloric 
acid solution was evaporated in vacuum, and the residue was dried 
and was then esterified by being heated with alcoholic hydrogen chlo- 
ride. This gave 1.2 g (3a%) of 1-(B-ethoxyearbonylethyl)piperidine 
(VI). Bp 105-106 ~ C (11 ram). Found, %: C 64.53; H 10.33; N 7.4L 
Calculated for C10HI~NO 2, %: C 64.83; H 10.29; N 7.57. The substance 
proved to be identical with the ester obtained previously [3]. 

1,5-Dlazabieyelo[4,4, 0]decane (III). With stirring, a solution of 
8 g (0.0518 mole) of the laetam I in 240 ml of anhydrous benzene 
was added gradually to a suspension of 8 g (0.21 mole) of lithium alu- 
minum hydride in 240 ml of anhydrous ether. The reaction mixture 
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was boiled for 12 hr, cooled, and treated with 18 ml of water. The 

l i thium and aluminum hydroxides were filtered off and carefully 

washed with benzene. This yielded 5.25 g (72.3%) of compound III 
in the form of a colorless very volat i le  liquid with an ammoniacal  

odor. Bp 88-84 ~ C (10 ram). IR spectrum: 3290 cm "l (NH). Found, %: 

C 67.96; H 11.36; N 19.80. Calculated for CsHIsN ~, %: C 68.52; 
H 11.50; N 19.97. 

5-Formyl-1 ,5-diazabieyelo[4 ,4 ,  0]deeane (VIIa). A mixture of 
2.26 g (0.028 mole) of ace t ic  anhydride and 0.9 g (0.02 mole) of for- 

mic acid was heated at 60 ~ C for 2 hr. Then, with cooling, a solu- 

tion of 2 g (0.0144 mole) of III in 10 ml of ether was added. The mix-  

ture was left at room temperature for 20 hr, and then 20 ml  of chloro- 

form was added to give a homogeneous mass and it was left for a 

further 24 hr. Then it was evaporated in vacuum and the residue was 

made a lkal ine  with 50% potassium carbonate solution and extracted 

with benzene. Yield 0.7 g (29%). [~p 100-101 ~ C (0.5 ram). Found, 

%: C 64.22; H 9.51; N 16.39. Calculamd for CsI-IlcN20, %: C 64.25; 
H 9.58; N 16.65. 

5 -Methy l - l , 5 -d i azab icyc lo [4 ,4 ,0 ]decane  (VIIb). With stirring, 

a solution of 0.8 g (4.8 mM) of compound VIIa in 30 ml of anhydrous 
benzene was added to a suspension of 1 g (26 raM) of l i thium alumi-  

num hydride in 30 ml of anhydrous ether. The mixture was boiled for 
20 hr and was treated as described above. Yield 0.4 g (55%), bp 118- 
!20 ~ C (50 ram). Found, %: C 69.77; H 11.46; N 17.96. Caleulated 

for CsHlsN2, %: C 70.07; H 11.76; N 18.16. 

5-( /3-Hydroxyethyl)- l ,5-diazabicyclo[4,4 ,0]deeane (VIIc). With 
cooling, a solution of 0.4 g (0.1 mole) of ethylene oxide in 10 mI of 

methanol was added to a sotution of 6.5 g (0.046 mole) of III in 30 ml 

of methanol. The reaction mixture was kept with ice  cooling for 2 hr 

and then at  room temperature for 72 hr. The ethanol was driven off in 

vacuum and the substance was distilled to give 3.8 g (41%) of VtIe in 
the form of a viscous liquid with bp 121-122 ~ C (1 ram). Found, %: 

C 64.881 H 11.02; N 15.25. Calculated for C10H22NIO, %: C 65.18 i 
H 10.94; N 15.20. 

Hydrolysis of 1, 5-diazabicyelo[4,4 ,  0]deeane (III). A solution of 
2 g (0.0144 mole) of III in 20 ml of 17% HCt was heated in a sealed 
tube at 150 ~ C for 10 hr and was then evaporated in vacuum. The res- 

idue was dissolved in 20 ml of 1 N HC1, 0.2 g of platinum oxide was 

added, and the mixture was shaken in a current of hydrogen. Hydro- 
genation ceased after the absorption of 1 mole of hydrogen. The plat i -  

num black was filtered off, the hydrochloric acid solution was evapo- 

rated in vacuum, and the residue was made a lkal ine  with 50% potassium 

carbonate solution and extracted with chloroform. After the extracts 
had been dried, the solvent was distilled off and the residue was frac- 

tionated in vacuum. Two fractions were collected: fraction I (0.4 g, 
bp 95" C (20 mm)--a  mobile colorless liquid with an ammoniacal  

smeIl-- l - (y-aminopropyl)piper idine (IX). Found, %: C 67.24; H 12.79; 

N 19.51. Calculated for CsHisN2, %: C 67.55; H 12.75; N 19.69. 

Dihydrochloride--whlte crystals, mp 196-197 ~ C (from a mixture 

of ethanol and acetone). Pound, %: C1 30.42; N 12.15. Calculated for 

CsHIsN z .2HC1 .H20, %: C1 30.4i;  N 12.01. IR spectrum: 3300 and 

337O cm "I (v NH2), 1600 cm "1 (5 NH2). 

2nd fraction (0.4 g), bp 156-158 ~ C (0.3 mm), apparently con- 

sisting of a dimer of the amine IX. Pound, %: C 67.41; H 12.40; N 19.40. 

Calculated for CsHIsN2) 2, %: C 67.55; H 12.75; N 19.69. IR spectrum: 
3300 and 3370 cm "l (u NHz) , 1600 cm -i (6 NH2). 

4-Methy l - l ,4 -d iazab icyc lo [4 ,4 ,  O]decane (VIIIa). With cooling, 

0.7 g (8.6 mM) of 37% formalin and 1 g (21 miVI) of formic acid were 

added to a mixture of 1 g (7 raM) of compound IV [2] and 0.7 ml of 
water. The reaction mixture was heated at 100 ~ C for 15 hr and was 
then concentrated in vacuum, made alkal ine with potassium carbonate, 
and extracted with benzene. Yield 0.7 g (63.7%), bp 120-122 ~ C 

(65 mm). Found, %: C 70.03; H 11.60; N 17.82. Calculated for 

CsHtsN z, %: C 70.07; H 11.76; N 18.16. 

4 -Ace ty l - l , 4 -d iazab icyc lo [4 ,4 ,  0]decane (VIIIb). With ice water 
cooling, 1 g (7.2 raM) of IV was mixed with 3 g of acet ic  anhydride, 

and the mixture was left at room temperature for 4 hr. The excess of 

acet ic  anhydride was decomposed with water, with cooling, and the 

mixture was made alkal ine with 50% potassium carbonate solution and 

extracted with benzene. Yield 1.1 g (84.7%7, bp 110 ~ C (0.8 ram). 

Pound, %: C 65.49; H 10.10; N 15.21. Calculated for CIoH18NzO, %: 
C 65.89; H 9.96; N 15.37. 

4-8e r~oy l - l , 4 -d iazab icye lo [4 ,4 ,  0]decane (VIIlc). At 0 to 2 ~ C, 

1.13 g (0.0107 mole) of sodium carbonate and 1.5 g (0.0107 mole) of 
benzoyl chloride were added to a solution of 1.5 g (0.0107 mole) of 

IV in 3 mi  of water. The mixture was kept at 0 ~ C for 1 hr and was 

then diluted with 4 ml of water and the oil that separated out was ex- 
uacted with benzene. Yield 1.6 g (61.5%), bp 153-154 ~ C (0.35 ram). 
Pound, %: C 73.70; H 8.19; N 11.33. CaleuI~ted for ClaH~0N20, %: 
C 73.73; H 8.25; N 11.46. 
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