
S E V E R A L  T R A N S F O R M A T I O N S  OF 3 - B E N Z Y L - 9 -  

C A R B E T H O X Y M E  T H Y L - 3 , 9 - D I A  Z A B I C Y C L O  [ 3 . 3 . 1 ]  NONANE 

E.  S. N i k i t s k a y a  and  L .  N, Y a k h o n t o v  UDC 547.896 

The transformations of 3-benzyl-9-carbethoxymethyl-3,9-diazabicyclo[3.3.1]nonane (I)were 
studied. The dichloride of 9-(fl-chloroethyl)-3,9-diazabicyclo[3.3.1]nonane, which is read-  
ily eyclized in the basic form to 3,9-diazatricyelo[3.3.1.2s'~]undecane (V), was synthesized 
by reduction of I with LiA1H 4 and debenzylation with subsequent replacement of the hydroxy 
group, in the alcohol formed, by chlorine. An unusual cleavage of the carboxymethyl r e s -  
idue to form the nitrogen-unsubstituted dichloride of 3,9-diazabicyclo[3.3.1]nonane (XI) oc- 
curs on treatment with thionyl chloride of the acid obtained by saponification and debenzyla- 
tion of I. 

3-Benzyl-9-carbethoxymethyl-3,9-diazabicyclo[3.3.1]nonane (1) was described in one of our previous 
communications [1]. In order  to use this substance for the synthesis of t r icycl ic  systems, we have studied 
several  transformations of I. By reduction of I with lithium aluminum hydride with subsequent debenzyla- 
tion of the 3-benzo-9-(fl-hydroxyethyl)-3,9-diazabicyclo[3.3.1]nonane (ii) and subsequent hydrogenation over 
a palladium catalyst we obtained 9-(fi-hydroxyethyl)-3,9-diazabicyclo[3.3.1]nonane (III) in an overall  yield 
of 74%. Treatment of III with thionyl chloride made it possible to readily t ransform it to the dihydrochlo- 
ride of 9-(fi-chloroethyl)-3,9-diazabicyclo[3.3.1]nonane (IV). Compound IV readily undergoes cyclization 
under mild conditions by treatment with aqueous alkaline solutions or potassium carbonate without heating. 
The 3,9-diazatricyclo [3,3.1.23'9]undecane (V) formed* is characterized by the absence in the IR spectrum 
of an absorption from 3300-3500 cm -I from the valence vibrations of the NH group.? 

In order  to synthesize the tr icyclic  compound X, which contains a carbonyl function in the a position 
with respect to the nitrogen of the carbonyl function,$ I was transformed to 9-carbethoxymethyl-3,9-di-  
azabicyclo[3.3.1]nonane (VIII) by catalytic debenzylation with palladium. The free base IX ~ras isolated 
from the dichloride VIII. Compound IX was also obtained by saponification of es ter  I with subsequent de- 
benzylation of the dihydrochloride of 3-benzyl-9-carboxymethyl-3,9-diazabicyclo [3.3.1]nonane (VII). 

The carboxyl group of IX participates in the formation of an inner salt, as attested to by the shift of 
the carbonyl absorption [nthe IR spectra from 1735 cm -1 for the dihydrochloride (VIII) to 1630 cm -t for the 
free acid IX. The high melting point (200-2010) and the low reactivity of the carbonyl group are apparently 
associated with the salt-forming character  of compound IX. Thus, for example, substance IX is quanti- 
tatively, potentiometrieally t i trated as a monobasic acid only in dimethylformamide using an alkaline solu- 
tion in a mixture of methanol and benzene. Compound IX does not undergo esterification on heating with 
alcoholic hydrogen chloride or with a mixture of alcohol and concentrated sulfuric acid and does not form, 

*A report  of the synthesis of V [2] was reported while this work was being accomplished. 
? The IR spectra were obtained with a UR-10 recording spectrophotometer in the form of mulls in mineral 
oil. The PMR spectra were obtained with a YNB-100 spectrophotometer in solutions in CDC13 with a TMS 
(tetramethylsflane) internal standard. We are obliged to thank Yu. N. Sheinker, L. M. Alekseeva, and Yu.I. 
Pomerantsev for their  assistance in carrying out the spectral investigations. 
$ Unsuccessful attempts to synthesize this type of compound on the basis of the cyclization of 8-carbethoxy- 
methyl-3,8-diazabicyclo[3.2.1]octane have recently been described by Cignarella et al. [3]. 
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under  the usual  condit ions,  an acid chlor ide with thionyl chloride or  phosphorus  oxychlor ide.  

An unusual reac t ion  - c leavage of the carboxymethyl  res idue  and fo rmat ion  of a n i t rogen-unsubst i tu ted  
dihydrochlor ide  of 3,9-diazabicyclo[3.3.1]nonane (XI) [4] - occu r s  on t r e a t m e n t  of acid IX, heated to 90- 
100 ~ with thionyl chlor ide .  The s t ruc tu re  of XI was conf i rmed  by IR and PMR spec t ra l  data  and by c o m -  
pa r i son  of this compound with a known sample  of XI synthesized f r o m  3-benzyl -3 ,9-d iazabicyc lo[3 .3 .1] -  
nonane (XII) by means  of its debenzylat ion.  The s amp le s  of XI obtained by both methods had identical IR 
spec t r a ,  and mix t u r e s  of the i r  p i c r a t e s  did not give a mel t ing point depress ion .  

The question of the m e c h a n i s m  of this c leavage of the carboxymethyl  r es idue  in the 9 - ca rboxy me th y l -  
3,9-diazabicyclo[3.3.1]nonane fiX) r equ i r e s  additional study. It is poss ib le  that  c leavage of the side chain 
to f o r m ,  ini t ial ly,  CO and HCOH occur s  under  these  conditions.  This  sor t  of reac t ion  has  not been de-  
sc r ibed  for  the well-known m - c a r b o x y m e t h y l  de r iva t ives  of the piper idine  and p iperaz ine  s e r i e s .  

EXPERIMENTAL 

3-Benzyl-9-(fi-hydroxyethyl)-3,9-diazabieyclo[3.3.1]nonane (III). 3-Benzyl-9-carbethoxymethyl-3,9- 
diazabicyclo[3.3.1]nonane (I) [7.2 g (23 mmole)] was reduced with 1.36 g (35 mmole) of lithium aluminum 
hydride in ether (160 ml) to give 5.03 (82.1%) of 11 in the form of a colorless liquid with bp 155-156 ~ (0.4 
mm) and n~ 1.5485. Found %: C 74.20; H 9.16; N 11.03. CI6H24N20,. Calculated %(C 73.80; H 9.21; N 10.74. 

9-(~-Hydroxyethyl)-3,9-diazabicyclo[3.3.1]nonane (111). Compound II [5.9 g (23 mmole)] was de- 
benzylated by hydrogenation in the presence of palladium chloride (0.5 g of palladium chloride, I ml of 
water, 0.8 ml of hydrochloric acid) in alcohol (i00 ml). About 750 ml of hydrogen was absorbed. The pre- 
cipitate was filtered together with the catalyst, and the residue was washed with hot water until the di- 
hydrochloride of Ill was completely dissolved; the aqueous ethanol solutions were evaporated in vacuo to 
dryness. The dihydrochloride of HI was purified by dissolving in absolute alcohol with subsequent evapora- 
tion of the alcoholic solution in vaeuo to give 5 g (90.5%) of colorless crystals with mp 267-269 ~ (decomp.). 
Found %: C1 29.12; N 11.66. CgHIsN20 �9 2HCI. Calculated %: C1 29.16; N 11.52. 

Base Ill. This was obtained in the form of colorless crystals with mp 41-43 ~ and bp 120-122 ~ (2 mm). 
Found %: C 63.25; H 10.90; N 16.62. CgHIsN20. Calculated %: C 63.48; H 10.65; N 16.45. 

Dihydrochloride of 9-(fl-Chloroethyl)-3,9-diazabieyelco[3.3.1]nonane (IV). Compound IH [12.9 g (53 
mmole) ] of the dihydrochloride of HI was refluxed for 12 h with a mixture of 120 ml of thionyl chloride and 
120 ml of chloroform. The resulting precipitate was filtered, washed with chloroform and ether, and dried 
in a vacuum desiccator to give 13.7 g (98.7%) of a white, finely crystalline substance that was practically 
insoluble in the usual organic solvents and had nap 258-260 ~ (decomp.). Found %: C1 40.20; N 10.64. 
CgHITCIN 2 �9 2HCI. Calculated %: Cl 40.65; N 10.70. 

3,9-Diazatricyclo[3.3.1.23'9]undecane (V). CompoundIV [5 g (19 mmole)] was mixed with 5 ml of water, 
i0 ml of 40% sodium hydroxide was added with cooling, and the mixture was thoroughly mixed and extracted 
with ether. After drying the extract and removal of solvent the residue was distilled in vacuo to give 1.55g 
(53.2%) of a colorless, transparent liquid with bp 82-84 ~ (I mm) with 4 o 1.5281. Found %: C 70.76; H 10.71; 

1280 



N 18.39. CgH16N 2. Calculated %: C 71.00; H 10.58; N 18.40. The dihydrochlor ide of V was  obtained in the 
f o r m  of co lo r l e s s  c r y s t a l s  with mp 294-296 ~ (decomp.).  Found %: C 47.70; H 8.35; C1 31.27; N 12.44. 
C~H16N 2 �9 2HC1. Calculated %: C 48.00; H 8.05; C1 31.49; N 12.44. The monopic ra te  of V was obtained in 
the f o r m  of yellow c r y s t a l s  with mp 243-245 ~ (decomp.).  Found %: C 47.13; H 5.07; N 18.26. CgHI6N 2 �9 
C6H3N307. Calculated %: C 47.24; H 5.02; N 18.36. 

9-Carboxymethyl -3 ,9-d iazabicyclo[3 .3 .1]nonane  (VI). Compound I [10.68 g (35 mmole)]  was de-  
benzylated by hydrogenat ion in the p r e s ence  of pa l lad ium chloride (1 g of pa l lad ium chlor ide,  2 ml  of wate r ,  
and 1.6 ml  of hydrochlor ic  acid) in ethanol (200 ml) .  About 1000 ml  of hydrogen was  absorbed.  The r e a c -  
tion m a s s  was t r ea t ed  as desc r ibed  above to give 9.5 g (94.3%) of the dihydrochlor ide  of VI with mp 172- 
174 ~ (decomp.).  Found %: C1 24.91; N 9.91. CllI-I20N202 �9 2HC1. Calculated %: C1 24.86; N 9.82. 

Base VI. This  was  a co lo r l e s s  liquid with bp 125-127 ~ (4 ram) and n~ 1.4954. Found %: C 61.88; 
H 9.36; N 13.09. CllH20N202. Calculated %: C 62.23; H 9.54; N 13.19. 

3 -Benzyl -9-carboxymethyl -3 ,9 -d iazab icyc lo[3 .3 .1 ]nonane  Dihydrochlor ide (VID. Compound I [10.63g 
(35 mmole) ] was  ref luxed for  3 h with 110 ml  of 18% hydrochlor ic  acid,  the solution was t r ea t ed  with c h a r -  
coal ,  f i l te red ,  and evapora ted  in vacuo.  Acetone was added to the c a r a m e l - l i k e  m a s s ,  the mix tu re  was  
s t i r r ed ,  and the p rec ip i t a te  was f i l te red  to give 10.4 g (84.9%) of VII in the f o r m  of white c r y s t a l s  with mp 
235-236 ~ (decomp.).  Found %: C1 20.45; N 7.94. C16H22N202 ' 2HC1. Calculated %: C1 20.42; N 8.06. 

9-Carboxymethyl -3 ,9-d iazabicyc lo[3 .3 .1]nonane  Dihydrochlor ide (VIII). A. Compound VI [1.45 g (6.8 
mmole)  ] was  ref luxed for  3 h with 15 ml  of 18% hydrochlor ic  acid.  The co lo r l e s s  solution was evapora ted  
the res idue  was  t r i tu ra ted  with acetone,  f i l te red,  and dr ied in a vacuum des icca to r  to give 1.55 g (88.5%) 
of white c r y s t a l s  with mp 245-247 ~ (decomp.).  Found %: C 41.74; H 7.09; C1 27.67; N 11.21. CsH16N202 �9 
2HC1. Calculated %: C 42.03; H 7.05; C1 27.57; N 10.89. 

B. Compound VII [20.7 g (59 mmole)]  was hydrogenated in ethanol (400 ml) in the p r e s e n c e  of 2 g of 
pa l lad ium chloride dissolved in 4 ml  of wa t e r  and 3.2 ml  of hydrochlor ic  acid.  About 2200 ml  of hydrogen 
was  absorbed .  The reac t ion  m a s s  was t r e a t ed  as in the case  of the p r epa ra t i on  of VI to give 14.6 g (93.5%) 
of VIII in the f o r m  of co lo r l e s s  c r y s t a l s  with mp 245-247 ~ (decomp.).  No melt ing point depress ion  was ob- 
se rved  for  a mix tu re  of th is  sample  with the substance obtained by method A. Found %: C 42.00; H 7.18; 
C1 27.75; N 10.85. CsH~N202 �9 2HC1. Calculated %: C 42.03; H 7.05; C1 27.57; N 10.89. 

9-Carboxymethyl -3 ,9-d iazabicyc lo[3 .3 .1]nonane  (IX). Compound VIII [2 g (7.78 mmole)]  was mixed 
with 20 ml  of wate r ;and  15.5 ml (15.5 mmole) of l N sodium hydroxide was  added. The resul t ing  solution 
was evapora ted  to d ryness ,  and the res idue  was dr ied at 1000 and ref luxed with 30 ml of absolute ethanol 
for  30 min.  The resul t ing  sodium chloride was r emoved  by f i l t ra t ion,  the alcoholic f i l t ra te  was again 
evapora ted ,  and the res idue  was dissolved in absolute alcohol.  The solution was t r ea t ed  with charcoa l ,  
f i l te red ,  and 0.85 g of co lo r l e s s  c r y s t a l s  with mp 200-201 ~ was  i so la ted  f r o m  the f i l t ra te  with e ther .  
Found %: N 15.20. CgH16N202. Calculated %: N 15.20. 

3,9-Diazabicyclo[3.3.1]nonane Dihydrochlor ide (XI). A. Compound IX [3 g (16 mmole)]  was heated in 
a f lask  to 90-100 ~ and 30 ml of boiling thionyl chloride was added with s t i r r ing .  All of the p rec ip i ta te  d i s -  
solved in 30 rain. The mixture  was then cooled to 70 ~ and held at that t e m p e r a t u r e  for  3 h. The excess  
thionyl chloride was then dist i l led in vacuo,  and benzene was added twice to the res idue  with subsequent 
dis t i l la t ion.  Absolute ethanol (30 ml) was added to the d rysubs tance ,  and the mix tu re  was  ref luxed fo r  3 h. 
The prec ip i ta te  was  f i l te red ,  ref luxed with 30 ml  of absolute ethanol, and again f i l te red .  The p rec ip i t a te  
was washed with absolute e ther  and dr ied  in a vacuum des i cca to r  to give 2.62 g (81%) of XI with mp 321- 
323 ~ (decomp.).  A d ip ic ra te ,  which c rys t a l l i zed  with two wa te r  molecu les  and had mp 227-228 ~ was  ob-  
tained f r o m  the dihydrochlor ide  by t r ea tmen t  with aqueous sodium p ie ra te .  Found %: C 38.07; H 3.83; 
N 18.46. CTH14N 2 �9 2C6H3N307 . 2H20 . Calculated %: C 37.99; H 3.88; N 18.05. The dihydrochlor ide of XI 
was again obtained f r o m  the d ip ic ra te  by the usual method and had mp 331-331.5 ~ (decomp.).  Found %: C 
42.56; H 8.26; C1 35.97; N 13.85. CTH14N 2 �9 2HC1. Calculated %: C 42.21; H 8.28; C1 35.61; N 14.07. 

B. 3-Benzyl-3 ,9-diazabicyclo[3 .3 .1]nonane (XII) [1] [5 g (23 mmole) ]  was  hydrogenated in ethanol 
(100 ml) in the p r e s e n c e  o f  0.5 g of pal ladium chloride dissolved in 1 ml of wa t e r  and 0.8 ml  of hydrochlor ic  
acid. The usual t r ea tmen t  gave 3.7 g (80.5%) of XI with mp 321-324 ~ Compound XI was conver ted  into a 
d icp iera te  with mp 226-228 ~ identical  to that descr ibed  above (method A) by t r e a t m e n t  with aqueous sodium 
p ic ra te .  
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