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The synthesis of 1-azabicyclo[3.2.2]nonan-4-one has been effected by the reaction of 
quinuclidin-3-one with diazomethane. 

The synthesis of 1-azabicyloalkanones containing condensed six- and seven-membered rings presents 
considerable difficulties. This is due to the fact that in the synthesis of these compounds by the intramolec- 
ular cyclization of the corresponding piperidine dies ters , i .e . ,  by the method used successfully for the pro- 
duction of a large number of other 1-azabicyclic ketones, the thermodynamically more favorable processes 
of intermolecular polycondensation acquire a predominating nature. Apparently, the low yield (0.7 %) of 1- 
azabicyclo[3.2.2]nonan-3-one from the cyclization of 1,4-di(methoxycarbonyl)piperidine [1] is due to the factor 
mentioned above. 

We have shown that in connection with the difficulty of intramolecular cyclization and the closure of 
a seven-member ring start ingfrompiperidine derivatives, in the case of compounds of this type not only in- 
termolecular  polycondensation but also other processes take place. Thus, for example, the reaction of 4- 
ethoxycarbonyl-1 (fl-ethoxycarbonylethyl)piperidine with potassium ethoxide gave 4-acetylpiperidine (HI). Its 
s t ructure was confirmed by its identity with the product described in the l i terature [2], and also by its con- 
version into the oxime and its reduction to 4-(a-hydroxyethyl)piperidine. The formation of 4-acetylpipe- 
ridine is probably connected with the following reactions: the dealkylation of the initial diester with the 
splitting out of ethyl acrylate,  nucleophilic addition of an ethoxy group to the latter ,  Claisen condensation 
of the ethyl fi-ethoxypropionate and ethyl isonipecotinate with the subsequent hydrolytic cleavage of the 4- 
(~-ethoxyearbonyl-~-ethoxypropionyl)piperidine to 4-acetylpiperidine. 
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In view of this, for the synthesis of 1-azabicyclo[3.2.2]nonan-4-one (II) it appeared to us that it was 
desirable to s tar t  from quinuclidin-3-one (IV), making use of ring expansion by the reaction of IV with dia- 
zomethane. The reaction mentioned was performed with equivalent cmount~ of reactants,  and also using 
20, 50 and 100% excesses of diazomethane. The composition of the reaction products was monitored by 
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GLC*. In the f i r s t  case  we isolated a mixture  of the initial quinuclidin-3-one (IV) and of 1-azabicyclo-  
[3,2.2]nonan-4-one (II) in a ra t io  of 1 : 1 (for proof of the position of the oxo group see below). The i s o m e r -  
ic 3-oxo derivat ive was absent  f rom the react ion products.  

When the amount of diazomethane was increased  (20% excess),  the ratio of the ketones II and IV was 
1.3 : 1 together with a small  amount of a third substance, the amount of which at a 50% excess of diazometh-  
ane was found in a ra t io  to 1I and IV of 1 : 7 : 3. A twofold excess  of diazomethane led mainly to byproducts 
apparently ar is ing through the fur ther  opening of the r ing of ketone H. The s t ructure  of these substances 
was not studied fur ther .  

Varying the t empera tu re  of the react ion f rom -15 to +20~ and its t ime f rom 30 min to 48 hr  at a 
molar  ra t io  of reac tan ts  did not change the yield of 1-azabicyclo[3.2.2]nonan-4-one.  

It was impossible  to separa te  the ketones II and IV either by GLC or  by crysta l l iz ing their  hydro-  
chlorides or  p icra tes .  The alcohols obtained by reducing the ketones were not separated,  either.  Crys ta l -  
lizing salts of the acetoxy and benzoyloxy derivat ives  of quinuclidin-3-ol (VII) and 1-azabicyclo[3.2.2]nonan- 
4-ol (V) also did not give the des i red  resul ts .  The separat ion was achieved by chromatographing a mixture 
of the acetoxy derivat ives  VI and VIII in a prepara t ive  gas- l iquid chromatograph.  

II + IV - - / . ~  
V VI 

c 
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VII VIII 

The pure 4-ace toxy- l -azabicyc lo[3 .2 .2]nonane  (VI) obtained was converted into 1-azabicyclo[3.2.2]-  
nonan-4-ol  (V) by react ion with lithium aluminum hydride.  The oxidation of V with chromic  anhydride in 
dilute acetic acid gave the ketone 1I. 

The oxidation of the azabicycloalkanols  to ketones was studied for the case of quinuclidin-3-ol  (VII). 
It was found that only the use  of a threefold excess of chromic  anhydride made it possible to obtain the 
pure ketone IV uncontaminated by the initial alcohol VII. These resul ts  were conf i rmed by the oxidation 
of the alcohol V. 

The s t ruc tu re  of the substances II, V, and VI obtained was established by means of their PMR spectra .  
In cont ras t  to quinuclidin-3-one (IV), which has the singlet signal at 3.10 ppm charac te r i s t i c  for  the NCH 2- 
CO grouping [3] in the PMR spec t rum of II there  is no singlet in this region but there is an unsymmetr ica l  
t r iplet  in a s t ronger  field (2.47, 2.55 and 2.62 ppm) corresponding to the A 2 par t  of a spec t rum of the A2B 2 
type, which is cha rac te r i s t i c  for the NCH2CH2CO grouping. The weak-field par t  of this spec t rum (B 2) is 
superposed on the multiplets formed by the other methylene groups in the ~ position to the nitrogen with a 
center  at 2.85 ppm. 

The PMR spec t rum of 4-acetoxy- l -azabieyelo[3 .2 .2]nonane (VI) is also in harmony with this s t ruc -  
ture for II. In the spec t rum of VI, together with the singlet  of the CI-I 3 group of the acetoxy res idue (5 1.96 
ppm) there  is a multiplet  at 5 4.82 ppm with an intensity of 1 proton unit, which must  be assigned to the 
proton in the (~ position to the acetoxy group. The signals of the other protons f rom two groups of multi-  
plets ,  one of w h i c h -  in the range f rom 2.50 to 3.10 ppm with a center  at  2.80 ppm (intensity six proton 
units) - must  be assigned to the methylene protons in the (~ position to the nitrogen, while the other group 
of multiplets (7 proton units) in the range f rom 1.35 to 2.05 ppm with a center  at 1.70 ppm unites all the 
fi protons and the methine proton at C 5. The considerable  differences in the chemical  shifts of these two 
groups of protons enabled the double resonance  method to be used to answer the question of what a re  the 
groups with which the proton in the ~ position to the acetoxy group in VI interacts .  It was found that when 
a saturat ing field with a frequency differing f rom the resonance  frequency of this proton by 308 Hz was 
superposed,  its signal was converted into a broadened singlet.  Consequently, the chemical  shift of the 

*The GLC analysis  was ca r r i ed  out on a Carlo Erba Frac tovap chromatograph.  The column was 2 m long, 
the s ta t ionary phase was 20% of E-301 e las tomer  on Chromosorb W, the t empera tu re  180~ and the 
ra te  of flow of the c a r r i e r  gas (helium) 10 l i t e r s / h r .  
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protons with which the proton on the carbon connected with the acetoxy group interacts  is approximately 
1.74 ppm, which corresponds  to strongly polar protons not in the ~ positions to the nitrogen. The imposi-  
tion of a saturat ing field with a frequency differing f rom the resonance frequency for the proton with 6 4.82 
ppm by 150-250 Hz did not lead to any changes whatever in the signal of this proton, which shows the ab- 
sence of interaction with an appreciable constant of the proton on the carbon connected with the acetoxy 
group and of any of the protons in the ~ positions to the nitrogen. These resul ts  show that in VI the acetoxy 
group is located on carbon atom C 4. 

EXPERIMENTAL 

4-Ethoxycarbonyl-l-(fi-ethoxycarbonylethyl!piperidine (I). A mixture of 21.6 g (0.138 mole) of ethyl 
isonipecotinate, 23.4 g (0.138 mole) of ethyl fi-bromopropionate, and 13.5 g of sodium carbonate in 50 ml of 
ethanol was boiled for 4 hr. The reaction mixture was evaporated in vacuum and the residue was dissolved 
in water and extracted with ether. The extract was dried, the solvent was driven off, and the product was 
distilled. This gave 30.45 g (93 70) of I in the form of a mobile colorless liquid readily soluble in organic 
solvents, bp 125-126~ (0.4 ram); nD 2~ 1:4546. Found, %: C 60.53; H 9.25; N 5.35. Calculated for Ci3- 
Hz3NO 4, 70: C 60.67; H9.01; N 5.44. 

Reaction of 4-Ethoxycarbonyl-l~-ethoxycarbonylethyl)piperidine with Potassium Ethoxide. At 120~ 
a solution of 30.8 g (0.12 mole) of I in 75 ml of toluence was added to the potassium ethoxide prepared from 
12 g (0.307 g-at.) of potassium and 18 ml (0.31 mole) of ethanol in 50 ml of toluene. The reaction mixture 
was boiled for 5 hr, cooled, and treated with 300 ml of concentrated hydrochloric acid. The acid solution 
was separated off and boiled for 16 hr. The hydrochloric acidwas distilled off in vacuum and the residue was 
treated with 35 rnl of 50~ potassium carbonate solution and extracted with benzene. After the benzene had 
been driven off, the substance was distilled in vacuum to give 1.5 g of 4-acetylpiperidine (III) in the form of 
a colorless mobile liquid, bp II0~ (19 mm); nD 2~ 1.4748 [2]. Picrate, yellow acicular crystals, mp 163- 
165~ (from methanol). Found, 70: C 43.36; H 4.66; N 15.70. Calculated for CTHI3NO. CsH3N30~, 70: 
C 43.82; H 4.53; N 15.73. 

4,Ace .tylpiperidine Oxime. A solution of 0.2 g (1.6 mmole) of the ketone III in 5 ml of ethanol was 
treated with 0.ii g (5.8 mmoles) of hydroxylamine hydrochloride and the reaction mixture was boiled for 
4 hr. On dilution with ether, the solution deposited the hydrochloride of 4-acetylpiperidine oxime in the 
form of colorless crystals readily soluble in water and ethanol, mp 175-176~ (from ethanol). Found, %" 
CI 19.97; N 15.96. Calculated for C?HI4N20 .HC1, %" CI 19.84; N 15.68. 

4-(e~-Hydroxyethyl)piperidine. A mixture of 2.7 g (0.021 mole) of the ketone Ill, 80 ml of ethanol, and 
0.i g of platinum oxide was shaken in an atmosphere of hydrogen at room temperature. After the absorp- 
tion of 1 mole of hydrogen, the platinum black was filtered off, the solution was evaporated, and the residue 
was distilled in vacuum. Yield 2.2 g (81 70), colorless viscous liquid readily soluble in water and organic 
solvents, bp 121-122~ (16 mm). Found, %: C 65.00; H 11.40; N 10.35. Calculated for C 7 HIsNO, 70" 
C65.07; H 11.70; N10.84. 

Reaction of Quinuclidin-3-one with D [az omethane. In portions, 3 0.4 g (0.22 mole) of nitrosomethyl- 
urethane and 1.35 g of barium oxide were added to a solution of 27.5 g (0.22 mole) of quinuclidin-3-one in 
70 ml of methanol at -5 to -15~ after which it was evaporated in vacuum. The residue was dissolved in 
ether and the ethereal solution was saturated with hydrogen chloride, giving a voluminous precipitate. The 
ether was decanted off and the precipitate was washed with ether and was then treated with 50 70 caustic 
potash solution and extracted with benzene. The benzene solution was dried with potassium carbonate and 
evaporated in vacuum, and the residual oily crystals were sublimed at 55-60~ (i ram). This gave 18.63 g 
of a mixture of quinuclidin-3-one (IV) and 1-azabicyclo[3.2.2]nonan-4-one (II) in a rat io of 1 : 1 in the fo rm 
of color less  hygroscopic  c rys ta l s .  

Five g rams  of a mixture of the ketones II and IV was hydrogenated in solution in 50 ml of ethanol in 
the presence  of 0.3 g of platinum oxide. After the absorption of 1 mole of hydrogen, the platinum black was 
fi l tered off, the ethanolic solution was evaporated in vacuum, and the res idue was sublimed in vacuum (0.5 
mm) at90-100~ This gave 4.5 g of a mixture of quinuclidin-3-ol  (VII) and 1-azabicyclo[3.2.2]nonan-4-ol  
(V). 

4.5 g of the mixture of alcohols V and VII and 20 ml of acetic anhydride were heated on the water bath 
for 2 hr.  The solution was evaporated in vacuum and the residue was t reated with 50% potassium carbonate 
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solution and ex t rac ted  with e ther .  This gave 4.5 g of a co lor less  mobile liquid consist ing of a mixture  of 
3-acetoxyquinuclidine (VIII) and 4-ace toxy- l -azabicyc lo[3 .2 .2]nonane  (VI) with bp 120-123~ (12 mm), 
which was separa ted  in a p repara t ive  gas- l iquid chromatograph of the Varian sys tem [Aerograph Autoprep 
705, column length 6 m, d iamete r  9 mm, Chromosorb  W 80-100 mesh],  s ta t ionary phase 10% of PEG- 
20,000, t e m p e r a t u r e  210~ ra t e  of flow of the c a r r i e r  gas (nitrogen) 160 ml /min .  

3-Acetoxyquinuclidine" bp 112-114~ (14ram): nD2~ 1.4820. 

4-Acetoxy- l -azabicyclo[3 .2 .2]nonane:  bp 122-123~ (14 m m ) ; n ~  1.4881. Found,%: C 65.56; H 9.17; 
N 8.06. Calculated for  CIoHITNO 2, %: C 65.54; H 9.35; N 7.68. 

Hydrochlor ide:  co lo r less  c rys ta l smp222-224~ Found,%: C ~54.65; H 8.34; C1 16.34; N6.47.  
Calculated for  Cl~-I17NO2.HC1. C 54.67; H 8.20; C1 16.13; N 6.37. 

P ic ra te :  yellow c rys ta l s ,  mp 162-164~ Found, %: C 46.54; H 4.99; N 13.75. Calculated for  
Cl0I-I17NO2 �9 C6H3N307, ~:  C 46.60; H 4.89; N 13.58. 

1-Azabicyclo[3.2.2]nonan-4-ol  (V). Over 20 min, a solution of 1.3 g (7 mmoles)  of compound VI in 30 
ml of benzene was added to a suspension of 0.53 g (15 mmoles)  of l i thium aluminum hydr ide  in 30 ml of 
e ther .  The mix ture  was boiled with s t i r r ing  for  3 hr ,  cooled, and t rea ted  with 1.2 ml of water  and the in- 
organic prec ip i ta te  was f i l t e red  off with suction and washed with benzene.  The e t h e r - b e n z e n e  solution was 
evaporated and the res idue  was sublimed in vacuum (0.7 mm) at 100-110~ (bath t empera tu re )  to give 0.75 
g (82%) of V. Color less  c rys t a l s  readi ly  soluble in e ther ,  benzene,  ethanol, acetone,  and water,  and insol-  
uble in pe t ro leum ether ,  mp 192-194~ Found, %: C 67.94; H 10.80; N 9.97. Calculated for CsH15NO , 
~:  C 68.04; H 10.77; N 9.92. 

Hydrochlor ide:  co lo r less  c rys t a l s ,  mp 322-324~ (decomp.). Found,%: C 53.93; H 8.96; C1 19.81; 
N 7,77. Calculated for  CsH15NO.HCI, %: C 54.09; H 9.01; C1 20.20; N 7.89. 

P ic ra te :  Yellow c rys ta l s ,  mp 236-238~ Found, %: C 45~ H 5.18; N 15.02. Calculated for  
CsH15NO.C6H3N30 r ,%:  C45.40;  H4 .90 ;  N15.12.  

1-Azabicyclo[3.2 ,2]nonan-4-one (II). With i ce -wa te r  cooling, 0.97 g (10 mmoles)  of chromic  anhydride 
in 9.7 ml of 90% acetic acid was added to a solution of 0.68 g (48 mmoles)  of V in 7 ml of 90% acet ic  acid. 
The mix ture  was kept  at room t e m p e r a t u r e  for  70 hr  and evaporated to 1/4 of its original  volume, and the 
res idue  was made alkaline with 10 ml of 50 % caust ic  potash solution and ext rac ted  with benzene.  The ben- 
zene was dr iven off and the res idue  was sublimed in vacuum (0.9 mm) at 50-60~ (bath t empera tu re ) .  This 
gave 0.4 g (60~0) of II in the fo rm of co lo r less  hygroscopic  c rys ta l s  soluble in water  and organic solvents.  
Mp l l5 - 118~  Found, ~:  C68.84;  H9 .40 ;  N9.90o Calculated for  CsH13NO, %: C68.95;  H 9.48; N 
10.06. Rf0.33;  no alcohol II was present*.  Hydrochl0ride:  co lo r less  c rys ta l s ,  mp210-211~ ( f roma  mix-  
tu re  of ethanol and acetone).  Found, %: C1 20.27; N 8.03. Calculated for  CsH13NO.HC1, %: C1 20.18; 
N 7.96. P ic ra te :  yellow c rys ta l s ,  mp 207-208~ (from ethanol). Found, %: C 45.52; H 4.19. Calculated 
for CsHI3NO. C6H3N3OT, %: C 45.65; N4.38. Oxime: obtained by boiling 0.1 g of the ketone II and 0.067 g of 
hydroxylamine  hydrochlor ide  for  4 hr .  Color less  c rys ta l s ,  mp 222.5-223~ (from ethanol). Found, %: 
C 50.22; H 7.82; C1 18.82; N 14.91. Calculated for  CsH14N20.HC1, %: C 50.39; H 7.87; CI 18.63; N 
14o69. 

Oxidation of Quinuclidin-3-ol .  A solution of 1 g (8 mmoles)  of quinucl idin-3-ol  in 10 ml of 90% 
acet ic  acid was t r ea ted  with 1.59 g (16 mmoles )  of chromic  anhydride in 16 ml of 90% acet ic  acid. The 
react ion was c a r r i e d  out as desc r ibed  above, giving 0.98 g (92%) of quinuclidin-3-one.  Mp 140-142~ 
Chromatography showed the absence of the initial quinucl idin-3-ol  f rom the ketone obtained. 
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*Here and below, chromatography was c a r r i e d  out on a fixed l aye r  of s i l ica g e l  with b e n z e n e - e t h e r - d i -  
ethylamine (20 : 15 : 5) as the mobile  phase.  
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