
5.85 g (0.042 mole) piperidone (I), and the experiment carried out in a similar.manner to 
the preceding. From the ether extract there was obtained 3.5 g residue in which TLC (the 
same system) showed two compounds with Rf 0.72 and 0.69. The residue was crystallized from 
heptane, yielding 2.98 g (31%) compound III, mp 160-161~ Kf 0.69. Found, %: N 6.0; M + 
231. C~bH=,NO. Calculated, %: N 6.1; M + 231. 

1,2,5-Trimethyl-4-(4-hydroxy-2-methYlphenyl)-A3-tetrahydropyridine (IV) was prepared 
by a similar condensation of piperidone (I) with m-cresol using the same molar proportions 
of reactants, the yield beimg 3.05% of (IV),mp 120-121~ from heptane; Rf 0.51. Found, %: 
N 6ol; M + 231. C~bH2~NO. Calculated, %: N 6.1; M + 231. 

l, 
2. 
3. 
4. 
5. 
6. 
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SYNTHESIS OF 1,5-~THANO-2-BENZAZOCiNES FROM 3-HYDROXY- 

i,3-DIMETHYL-6-PHENYL-4-PIPERIDONE 

G. V. Pshenichnyi, V. A. Mashenkov, and L. S. Stanishevski$ UDC 547.823:543.422 

Reaction of 3e-hydroxy-le,3a-dimethyl-6e-phenyl-4-piperidone with cyanoacetic 
ester affords 6e,8a-dimethyl-2-oxo-be-phenyl-3-cyanofuro[2,3-c]piperidine, the 
epoxide of which undergoes intramolecular cyclization on treatment with 80% 
H2SO~ to give 1,2,5,6-tetrahydro-2-endo-4-dimethyl-l,5-methano-6-oxo-2-benza- 
zocin-3-ene. It has been found that the latter is formed via the intermediate 
3-hydroxy-6e,8a-dimethyl-2-oxo-be-phenylfuro[2,3-c]piperidine. 

1,5-Methano-2-benzazocines have so far received little attention as a result of the lack 
of satisfactory methods for their preparation. Compounds of this type have been obtained by 
adding amidines to di-, tri-, and tetranitronapthalenes [I]. We have developed a new method 
for the synthesis of 1,5-methano-2-benzazocines based on the acid-catalyzed reaction of the 
epoxy-lactone (II). The latter compound was obtained by condensing the ~-ketol (I) with 
ethyl cyanoacetate. 

The conversion of the epoxylactone (III) into the ketone (V) evidently involves hydroly- 
sis of the cyano-group and the epoxide ring, decarboxylation, and dehydration to give the 
intermediate lactone (IV). Subsequent intramolecular reactions of the lactone (IV) involve 
opening of the lactone ring, decarbonylation, and dehydration (see scheme on following page). 

Reduction of the ketone (V) with complex hydrides of aluminum and boron showed that 
attack on the carbonyl group by the hydride ion takes place from the sterically more acces- 
sible exo-position, subsequent reduction of the double bond with sodium borohydride in ethan- 
ol taking place from the endo-position. 

The structures of all the compounds obtained were confirmed by their elemental analyses 
and their IR, PMR, and mass spectra. For example, in the PMR spectra of (II-IV), the protons 
of the piperidine ring are seen as two spin systems, AMX and AX, examination of which shows 

V. I. Lenin Belorussian State University, Minsk 220080. Translated from Khimiya Getero- 
tsiklieheskikh Soedinenii, No. i0, pp. 1371-1374, October, 1986. Original article submitted 
May 31, 1985; revision submitted December 2, 1985. 
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t h a t  t h e  r i n g  h a s  t h e  c h a i r  c o n f o r m a t i o n ,  t h e  m e t h y l  g roup  a t  n i t r o g e n  b e i n g  e q u a t o r i a l l y  
o r i e n t e d  [ 2 ] .  The o b s e r v e d  marked  n o n e q u i v a l e n c e  o f  t h e  p r o t o n s  o f  t h e  a r o m a t i c  n u c l e u s  i n  
( V - V I I )  i s  due to  t h e i r  p r e s e n c e  i n  a r i n g  w i t h  a n e i g h b o r i n g  e l e c t r o n  a c c e p t o r .  A p a r t i c u -  
l a r l y  l a r g e  p a r a m a g n e t i c  s h i f t  i s  e x p e r i e n c e d  by  t h e  p r o t o n  i n  t h e  7 - p o s i t i o n .  The P ~  and 
IR s p e c t r a  o f  t h e  l a c t o n e  ( IV)  snow t h a t  t h i s  compound e x i s t s  s o l e l y  i n  t h e  e n o l  f o r m ,  w h e t h -  
e r  in solution in CCI~ or CHCIs, or in the solid state, in agreement with data for bicyclic 
~-ketolactones [3]. That the hydroxyl group occupies the endo-position in the benzazocines 
(VI) and (VII) is confirmed by the weak IHB (A~ = 30 cm -~) in (VI) between the hydroxyl hy- 
drogen and the ,~-electrons of the double bond [4], and by the value of the coupling constant 
between the 5-H and 6-H [5]. The exo-position of the 4-CHs group in the benzazocine (VII) 
is confirmed by the value of the coupling constant between 4-H and the protons at C(s) and 
C(5). Experiments utilizing the nuclear Oberhauser effect (NOE) showed clear dipole-dipole 
interactions between the 2-CH3 and 10-H protons in benzazocines (V) and (VII), indicating 
that the N-methyl group occupies the endo-position in these compounds. 

Thus, the method of preparation of 1,5-methano-2-benzazocines which has been developed 
is adequately simple in use, and can be employed as a preparative method of synthesis of 
these difficultly-accessible compounds. 

EXPERIMENTAL 

The IR spectra of the compounds in solution in CCI~, CHCIs, and C2CI~, and in KBr disks, 
were obtained on Specord-75 IR and UR-20 instruments. The PMR spectra of 5-10% solutions 
in CDCI3 were obtained on Tesla BS-567A (i00 MHz) and Bruker WM-360 (360 Fmz) spectrometers, 
and the NOE experiments were carried out by differential spectroscopy, internal standard HNDS. 
F~ss spectra were obtained on a Varian MAT-311 mass spectrometer at 70 eV. Carbon monoxide 
was measured with a CO-0,2 indicator tube. The properties of the compounds obtained are 
given in Table i. In the mass spectra of all the compounds, the molecular ion peaks are in 
agreement with the calculated molecular masses. 

6e,8a-Dimethyl-2-oxo-5e-phenyl-3-cyanofuro[2,3-c]piperdine (II). To a solution of 2.19 
g (I0 mmoles) of the piperidone (I) [6] in 5 ml of ethanol was added 1.70 g (15 mmoles) of 
ethyl cyanoacetate and 0.34 g (5 mmoles) of sodium ethoxide. The mixture was kept for 30 
min at 20~ and the lactone (II) which separated was filtered off and washed with cold ethan- 
ol. 

6e-Sa-Dimethyl-2-oxo-5e-phenyl-3-cyano-3,9e-epoxyfuro[2,3-c]piperidine (III). To a 
solution of 5.36 g (20 mmoles) of the lactone (II) in 200 ml of benzene was added 40 ml of 
15% H20~ and 1 g of tetrabutylammonium hydroxide. The mixture was stirred vigorously for 2 
h at 20~ the aqueous layer separated, and the benzene layer washed with water, dried over 
K2CO3, and passed through a thin layer of silica gel grade L40/I00. After evaporation of 
part of the benzene, the residue was crystallized from a i:i mixture of benzene and hexane. 

3-Hydroxy-6e,8a-dimethyl-2-oxo-5e-phenylfuro[2,3-c]piperidine (IV). A solution of 1.7 
g (6 mmoles) of the lactone (III) in 50 ml of 25% sulfuric acid was boiled for 36 h, and the 
mixture cooled, treated with 10% sodium hydroxide to pH 8-9, extracted with benzene, and the 
extract dried over Na2SO~. The solvent was then partially evaporated, and the residue crys- 
tallized from 2:1 mixture of benzene and hexane. 

1,2,5,6-Tetrahydro-2-endo-4-dimethyl-l,5-methano-6-oxo-2-benzazocin-3-ene (V). The 
lactone (III) or (IV) (i0 mmoles) was dissolved in i0 ml of 80% sulfuric acid, and the mix- 
ture kept for 3.5 h at 140-150~ After cooling, the mixture was poured into i00 ml of 10% 
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sodium hydroxide solution, and extracted with benzene. The extract was dried over Na2SO~ 
and passed through a thin layer of silica gel grade L40/100. After removal of part of the 
benzene, the residue was crystallized from a 2:1 mixture of benzene and hexane, The yield 
of (V) from (IV) was 89%, and from (III), 76%. 

•,2,5,6-•etrahydr•-6-end•-hydr•xy-2-end•-(4-dimethy•-•,5-methan•-2-benzaz•cin-3-ene 
(VI). A. To a suspension of 0.46 g (12 mmoles) of lithium aluminum hydride in i00 ml of 
ether was added dropwise 2,66 g (36 mmoles) of tart-butanol, the mixture kept for 30 min, 
2.13 g (~0 mmoles) of the 2-benzazocine (V) added, and the mixture stirred for 1 h 30 min. 
The mixture was then treated dropwise with i0 ml of water, and the solid filtered off, 
washed with ether, and the combined ether solutions dried over Na2SO~. Evaporation of the 
ether gave 1.65 g (77%) of (VI). 

B. To a solution of 1.70 g (8 mmoles) of the ketone (V) in 50 ml of ether was added 
0.3 g (8 mmoles) of lithium aluminum hydride, followed after 15 min by the dropwise addition 
of 5 ml of water. Subsequent workup was as described above. Yield, 100%. 

•,2,3,4,5,6-Hexahydr•-6-end•-hydr•xy-2-end•-4-ex•-dimethy•-•,5-methan•-2-benzaz•cine 
(VII). A. To a solution of 1.72 g (8 mmoles) of the enamine (VI) in 50 ml of ethanol was 
added 0.47 g (13 mmoles) of sodium borohydride, and the mixture boiled for 15 min. After 
cooling, it was acidified with acetic acid, evaporated, i0 ml of water added, basified with 
solid sodium carbonate, and extracted with ether. After removal of the ether, the residue 
was crystallized from a 3:1 mixture of benzene and hexane. 

B. To a solution of 0.49 g (2.3 mmoles) of the ketone (V) in 30 ml of ethanol was added 
0.28 g (7.8 mmoles) of sodium borohYdride , and the mixture boiled for 15 min. After cooling, 
the mixture was worked up as in the preceding preparation, to give 0.4 g (80%) of (VII). 
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