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The reduet ive  aminat ion  of bicyelo [ 3.3.1 ] nonane- 2,6-dione with benzylamine  or  i sopropy l -  
amine  in the p r e s e n c e  of sodium borohydr ide  p roceeds  with the fo rmat ion  of 1 -hydroxy-2-  
(N-subs t i tu ted)aza twis tanes .  When 1 -hyd roxy -2 -benzy l -2 - aza tw i s t ane  is ref luxed with acet ic  
anhydride,  the r ing is opened to give 2 -ace toxy-G-ace ty lbenzylaminobicyc lo  [ 3.3.1] nonane. The 
s t r u c t u r e s  of the synthes ized  compounds were  p roved  by means  of the IIR and PMR s p e c t r a  and 
the resu l t s  of e l e m e n t a r y  analys is .  

The synthesis of heterotwistanes is an interesting problem - it is appropriate here to cite the adaman- 
tane-heteroadamantane analogy, which has been well developed in the literature [ I]. Nevertheless, the study 

that has been devoted to their synthesis is clearly inadquate. 

One of the strategies in the synthesis of these compounds consists in the cyclization of 2,a-difunctional 
derivatives of bicyclo[3.3, l]nonane. Despite the simplicity and attractiveness of this scheme, it has been 
realized only for the synthesis of oxatwistanes [2]~ 

In the present paper we describe the synthesis of 2-anatwistanes by the reductive cyclization of diketone 
I with sodium borohydride in the presence of suitable amines~ This scheme has been used successfully for the 
synthesis of l-substituted 2-azaadamantanes from the corresponding 3, 7-disubstituted bicyclo [ 3.3.1] nonanes 
[I] and for the synthesis of a number of carcass y-diketones [3, 4]. 

l-Hydroxy-2-benzyl- 2-azatwistane (If, 56%), 2,a-dibenzylaminobicyclo [ 3.3.1 ] nonane (Ill, 18%, in the 
form of dihydrochloride VI), and a mixture of a diol and a ketol (IV + V, 25%) are formed when diketone I is 
refluxed with benzylamine in ethanol in the presence of sodium borohydride and are separated by fractional 
crystallization and chromatography with a column filled with aluminum oxide. 

The formation of l-hydroxy-2-isopropyl-2-azatwistane (VII) takes place in the analogous reaction of 
diketone I with isopropylamine in the presence of sodium borohydride; however, it is obtained in only la% 
yield, evidently because of the lower stability of the intermediate ketimine formed from diketone I and iso- 

propylamine. 
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A broad band with an absorption maximum at ~ 3400 cm -I, which is characteristic for an associated hy- 
droxy group, is observed in the IR spectrum of azatwistane II. In the case of a dilute solution in carbon tetra- 
chloride the absorption band of the unassociated hydroxy group in II corresponds to 3~38 crn -~. This form of 
azatwistanes II and Vli evidently corresponds to the cyclic tautomer, which may exist in equilibrium with the 
open amino ketone form VIII. However, the IR spectra of these compounds do not contain absorption bands of 

the carbonyl group of the tautomeric VIII form. 
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The PMR spec t rum of II contains singlets at 5 7.12 (aromatic  protons)  and 3.62 ppm (2-CH2) and mult i-  
plets at 2.56 ( l -H)  and 1.25-2.0 ppm (12 skeletal  protons and a hydroxy proton; a shift of the la t te r  to weak 
field is observed  as the tempera ture  is ra i sed) .  

When azatwistane II is refluxed with acetic anhydride, the ring undergoes opening to give 2-ace toxy-6-  
acetylbenzylaminobicyclo [ 3.3.1 ] nonane (IX) (in quantitative yield),  the solvolysis  of which leads to 6 -ace ty l -  
benzylaminobicyclo [ 3.3.1 ] nonan- 2-ol (X). 
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Let us emphasize that instances of this so r t  of opening of cyclic aza derivat ives  under the influence of acetic 
anhydride have been descr ibed  [ 5]. 

It is not possible  to de termine  the configuration of the substituents in the 2 and 6 positions with cer ta inty  
on the basis  of the PMR spect ra ;  however,  on the basis  of general  s te reochemica l  considerat ions,  let us 
specify that opening of azatwistane II should lead to the diendo derivat ive of bicyclo [ 3.3.1]nonane. 

The method that we have found for  the synthesis  of azatwistanes is a new method for the prepara t ion  of 
N-subst i tuted der ivat ives  of 1-hydroxy-2-aza twis tanes .  

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

The IR spec t ra  of the compounds were recorded  with a UR-20 spec t rometer .  The PMR spect ra  were 
recorded  with a Tesla  B-487C spec t rome te r  with hexamethyldisiloxane as the internal  standard. Thin- layer  
and column chromatography  were ca r r i ed  out on activity II aluminum oxide. 

1 -Hydroxy-2-benzy l -2 -aza twis tane  (II). A 4.3-ml (39-mmole)sample  of benzylamine was added with 
s t i r r ing  to a solution of 6 g (39 mmole)  of diketone I [6] in 100 ml of absolute ethanol, and the mixture was 
heated on a water  bath for  2 h. The flask contents were  cooled to 20~ and 3.5 g (92 mmole) of sodium 
borohydride was added with s t i r r ing  in smal l  port ions at such a rate that the tempera ture  did not r ise  above 
20~ Stirr ing was continued for  another  3 h, af ter  which the mixture was allowed to stand overnight. The 
bulk of the solvent was removed  by distillation, and the residual  sodium borohydride was decomposed in the 
usual way. The aqueous solution was extracted with ether, and the ext rac t  was washed with a small  amount of 
water  and dried with MgSO 4. The solvent  was removed by distil lation to give 6.2 g of a mixture of substances 
[Rf 0.24, 0.26, 0.41, and 0.54; elution with c h l o r o f o r m - m e t h a n o l  (29: 1 ) ] .  Fract ional  crys ta l l iza t ion f rom a 
mixture of e ther  and hexane gave 3.5 g of hydroxyazabenzyltwistane II with mp 84-85~ (from e the r -hexane) .  
IR spec t rum (CC14). 3638 cm -1 (OH); the absorpt ion band of a C = O  group was absent. PMR spec t rum (CC14): 
7.12 (s, 5H), 3.62 (s, 2H), 2.56 (m, 1H), and 1.25-2.0 ppm (m, 13H). Found: C 79.3; H 9.0; N 5.7%. C16H21NO. 
Calculated: C 79.0; H 8.7; N 5.8%. 

The mother  l iquors f rom the crys ta l l iza t ion  were  concentrated, the solvent was removed by distillation, 
and the residue (2.5 g) was chromatographed with a column [elution with c h l o r o f o r m - m e t h a n o l  (29: 1)]. 
Fract ions  with Rf 0.54, 0.41, 0.26, and 0.24 were collected. The fract ion with Rf 0.41 was concentrated,  and 
the oily substance was dissolved in absolute ether.  The ether  solution was saturated with dry  hydrogen 
chloride and worked up to give 1.4 g of dihydrochloride VI with mp 274~ ( f rom absolute e t h e r - m e t h a n o l ) .  
PMR spec t rum (d6-DMSO): 9.62 (m, 4H), 7.3-7.75 (m, 10H), 4.07 (m, 4H), and 1.45-2.3 ppm (m, 12H). 
Found: C 67.6; H 7.7; N 6.8%. C23H30N2" 2HC1. Calculated: C 67.8; H 7.9; N 6.9%. 

1 -Hydroxy-2- i sopropy l -2 -aza twis tane  (VI I ) :  A 6-g (39-mmole) sample of diketone I was dissolved in 
60 ml of isopropylamine,  and 3.5 g (92 mmole) of sodium borohydride was added in small  port ions with s t i r -  
ring, during which the t empera tu re  was not allowed to r i se  above 20~ The react ion mixture was heated on 
a water  bath for  2 h and allowed to stand overnight.  The excess  isopropylamine was removed by dis t i l la t ion,  
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and the sodium borohydride was decomposed in the usual way. The aqueous solution was extracted with ether,  
and the ext rac t  was washed with a smal l  amount of water  and dried. The ether  was removed and the residue 
(5.6 g) was dissolved in absolute ether.  The ether  solution was saturated with dry  hydrogen chloride,  and the 
precipi ta te  was removed  by fi l tration to give 1.1 g of the hydrochloride of VII with mp 183-185~ Found: 
C 61.9; H 9.9; N 5.8%. CI2H21NO-HC1. Calculated: C~2.2; H 9.6; N ~.0%. The ether  solution was concentrated 
to give 4.5 g of a mixture of the diol and ketol (IV + V). 

A 0.2-g sample of the hydroehloride of VII was dissolved in 4 ml of water ,  0.2 g of potass ium carbonate 
was added, and the mixture  was s t i r red  for 30 rain. The aqueous solution was extracted with ether,  and the 
extract  was washed with water  and dried. The solvent was removed f rom the ext rac t  to give 0.17 g of hy- 
droxyisopropylazatwistane VII with mp 115~ (from e t h e r - h e x a n e ) .  IR spec t rum (CCI4): 3638 cm -1 (OH). 
PMR spec t rum (CDC13): 3.73 (m, 1H), 2.8 (m, 1H), 1.33 (OH, s, 1H), 1.2-1.93 (m, 12H), and 0.95 ppm (d, 6H). 
Found: C 73.5; H 10.7; N 7.27a C12H21NO. Calculated: C 73.8; H 10.8; N 7.2%. 

2-Acetoxy-6-acetylbenzylaminobicyclo[3 .3 .1]nonane (IX). A) A mixture of 0.97 g (3.9 mmole) of hy- 
droxybenzylazatwistane II, 0.5 g of anhydrous sodium acetate,  and 5 ml (53 mmole)  of acetic anhydride was 
heated at 100~ for 1 h, af ter  which it was cooled and filtered, and the f i l t rate was evaporated to dryness  in 
vaeuo to give 1.32 g of diaeetyl derivat ive IX with mp 82-83~ (from e ther -ace tone) .  IR spec t rum (mineral  
oi l ) :  1742 (es ter  C---O) and 1668 cm -1 (amide C =O) .  PMR spec t rum (CC14): 7.12 (m, 5H), 4.45-4.80 (m, 3H), 
1.25-2.05 (m, 13H), and 1.83 ppm (CH3, s, 6H). Found: C 73.2; H 8.2; N 4.3%. C20H27NO 3. Calculated: C 72.9; 
H 8.3; N4.2%. 

B_._! A 0.1-g (3.4-mmole) sample of X was dissolved in 1 ml (10.6 mmole)  of acetic anhydride, 0.05 g of 
anhydrous sodium acetate was added, and the mixture was heated at 100~ for 1 h. It was then cooled and 
filtered, and the f i l t rate was evaporated to dryness  to give 0.13 g of diacetyl  derivat ive IX with mp 82-83~ 
The IR spec t rum of the product  was identical to the spec t rum of an analytical  sample of IX. 

6-Acetylbenzylaminobicyclo [ 3.3.1] nonan-2-ol  (X). A 2.3-g (40-mmole) sample of potass ium hydroxide 
was dissolved in 10 ml of methanol, 0.67 g (2 mmole)  of diacetyl  derivat ive Ixwas  added, and the mixture was 
refluxed for 1 h and allowed to stand overnight. The methanol was removed by distillation, and the residue 
was dissolved in a small  amount of water.  The aqueous solution was extracted with ether,  and the ether  layer  
was washed with a small  amount of water  and dried. The solvent was removed by distil lation to give 0.45 g 
N-aceta te  X with mp 131-132~ (from e t h e r - h e x a n e ) .  IR spec t rum (mineral  oil) :  3425 (OH) and 1640 cm -1 
( C = O ) .  PMR spec t rum (CC14): 7.12 (m, 5H), 4.5 (m, 2H), 3.7 (H-COH,  m, 1H), 2.58 (OH, s, 1H), 1.1-2.25 
(m, 13H), and 1.9 ppm (CH3, s, 3H). Found: C 74.8; H 8.7; N 4.9%. C18H2GNO 2. Calculated: C 75.2; H 8.8; 
N 4.9%. 
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