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The addition of dimethyl ethynyl carbinol to the carbonyl group of 
2, 5-dimethyl-4-piperidinone under the conditions of the Favorskii re- 
action has been studied. It has been shown that r.he addition takes 
place stereo-selectively and leads to the formation of a single isomeric 
acetylenie glycol. The hydration of this glycol has given a heterocyclic 
tetrahydrofuran with a spiran structure. The exhaustive hydrogenation 
of the acetylenic glycol has yielded the corresponding saturated gly- 
col. By its cyclization a tetrahydrofuran derivative has been synthe- 
sized. 

P r e v i o u s l y ,  4 - e t h y n y l - 2 ,  5 - d i m e t h y l - 4 - p i p e r i d i n o l s  
and the c o r r e s p o n d i n g  vinyl  and ethyl  compounds  have 
been  s y n t h e s i z e d ,  the  con f igu ra t i ons  of the g e o m e t r i -  
ca l  i s o m e r s  of t h e s e  compounds  have been  s tud ied  [2, 
3], and v a r i o u s  e s t e r s  have been  ob ta ined  f r o m  them,  
among which  t h e r e  a r e  s u b s t a n c e s  p o s s e s s i n g  a high 
p h y s i o l o g i c a l  a c t i v i t y  [ 4 - 6 ] .  In a l l  t he se  i n v e s t i g a -  
t ions  the a c e t y l e n i c  p i p e r i d i n o l s  w e r e  s y n t h e s i z e d  by 
condens ing  a c e t y l e n e  with  2, 5 : d i m e t h y l - 4 - p i p e r i d i -  
none under  the cond i t ions  of the F a v o r s k i i  r e a c t i o n .  

It was  of i n t e r e s t  to u se  th is  condensa t i on  a l so  fo r  
the s y n t h e s i s  of an u n s y m m e t r i c a l  p i p e r i d i n e  a c e t y -  
l en ic  Y-g lyco l .  Thanks  to the p r e s e n c e  of fou r  r e a c -  
t ive  c e n t e r s  (the t r i p l e  bond, the s e c o n d a r y  amine  
group  and the hydroxy l  g roups ) ,  th i s  g Iycol  m a y  be an 
i m p o r t a n t  sub j ec t  of s tudy and fo r  the p r e p a r a t i o n  of 
a whoIe s e r i e s  of p r o m i s i n g  p h y s i o l o g i c a l l y  ac t ive  
compounds .  In the l i t e r a t u r e  t h e r e  is  a c o m m u n i c a t i o n  
[7] on the s y n t h e s i s  and p r o p e r t i e s  of a p i p e r i d i n i e  
7 - g l y c o l  of ana logous  s t r u c t u r e  but conta in ing  a m e t h -  
yl  r a d i c a l  on the r ing  n i t r o g e n  a tom.  In the p r e s e n t  
w o r k  we used  2 , 5 - d i m e t h y l - 4 - p i p e r i d i n o n e  (I) [8, 9] as  
the s t a r t i n g  m a t e r i a l .  When th is  ke tone  was condensed  
with  d i m e t h y l  e thynyl  c a r b i n o l  (II) in the p r e s e n c e  of 
p o w d e r e d  caus t i c  po tash ,  the u n s y m m e t r i c a l  a c e t y l -  
enic  Y-g lyco l  (III) was  ob ta ined  with a y i e ld  of 62%. 
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T h i n - l a y e r  c h r o m a t o g r a p h y  on a lumina  showed the 
p u r i t y  of III. It  fo l lows  f r o m  th is  tha t  the n u c l e o -  
ph i l i c  add i t ion  of II to the c a r b o n y l  g roup  of I t a k e s  
p l a c e  with s p a t i a l  o r i e n t a t i o n  and l e a d s  to a s ing le  
i s o m e r  of III. In th is  r e a c t i o n ,  the p i p e r i d i n o n e  I con-  
d e n s e s  in i t s  s t ab l e  t r a n s  f o r m  with  the e q u a t o r i a l  a r -  
r a n g e m e n t  of the me thy l  g roups  (the 2e5e c o n f o r m a -  
tion) [3, 10, 11]. 

In the IR s p e c t r u m  of III  (di lute  so lu t ion  in c a r b o n  
t e t r a c h l o r i d e )  t h e r e  a r e  a b s o r p t i o n  bands  c o r r e s p o n d -  
ing to an NH bond (3493 c m  -1) and an OH bond (3616 
a m -  1). 

The condensa t ion  of the a e e t y l e n i c  a lcohol  II with 
the  p i p e r i d i n o n e  I is  c o n s i d e r a b l y  c o m p l i c a t e d  by s i -  
m u l t a n e o u s  d i s p r o p o r t i o n a t i o n  r e a c t i o n s  which take  
p l a c e  wi th  the f o r m a t i o n  of a m i x t u r e  of v a r i o u s  p r o d -  
uc t s .  Thus ,  in add i t ion  to the a c e t y l e n i c  g lyco l  III,  we 
ob t a ined  t e t r a m e t h y l b u t y n e d i o l  (IV) wi th  a y ie Id  of 
about  4%, 4 - e t h y l - 2 , 5 - d i m e t h y l - 4 - p i p e r i d i n o l  (V) wi th  
a y i e l d  of 3%, and the s y m m e t r i c a l  p i p e r i d i n i c  a e e t y -  
l en i c  g lyco l  (VI) in s m a l l  amount .  
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In o rder  to determine the eonfigurat ional re la t ion-  
ship between the glyeoI (III) and the geometr icaI  iso- 
mers  of the a e e ty l e n i c  p i p e r i d o l s  ob ta ined  p r e v i o u s l y ,  
we c l e a v e d  III in the p r e s e n c e  of s m a l l  amounts  of 
c a u s t i c  p o t a s h  by a known method  [12]. It was  found 
that  unde r  t h e s e  condi t ions  the r e v e r s e  F a v o r s k i i  r e -  
ac t ion  was  a c c o m p a n i e d  m a i n l y  by the f o r m a t i o n  of 
the  in i t i a l  p i p e r i d i n o l  I. The Y - i s o m e r  of 4 - e t h y n y l -  
2, 5 - d i m e t h y l - 4 - p i p e r i d o l  (V) [ 1 - 3 ]  could  be  i s o l a t e d  
in only low y ie ld .  

We a lso  s tud ied  the h y d r a t i o n  of III.  L ike  a l ipha t i c ,  
a l i c y c l i c  [13, 14], and h e t e r o c y c l i c  [15] a c e t y l e n i c  3'- 
g l y c o l s ,  th i s  h y d r a t i o n  t akes  p l a c e  wi th  the f o r m a t i o n  
of t e t r a h y d r o f u r a n o n e s ,  i . e . ,  in add i t ion  to the h y d r a -  
t ion of the  t r i p l e  bond w a t e r  is  sp l i t  out wi th  the in-  
v o l v e m e n t  of the h y d r o x y l s .  When III was  hea ted  with 
10% s u l f u r i c  ac id  in the p r e s e n c e  of m e r c u r i c  su l fa te ,  
the t e t r a h y d r o f u r a n o n e  d e r i v a t i v e  VII was  ob ta ined  in 
a y i e l d  of about 60%. 
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The IR spectrum of VII (pure substance) has ab- 
sorption bands corresponding to the bonds ~ (1753 
e r a - l ) ,  C--O--C (1163 cm-1) ,  and NH (3280 e r a - l ) .  

The exhaus t i ve  h y d r o g e n a t i o n  of the a c e t y l e n i c  g ly -  
co l  (III) in the p r e s e n c e  of an Ni c a t a l y s t  gave an a l -  
m o s t  quan t i t a t i ve  y i e l d  of the s a t u r a t e d  g lyco l  (VIII). 
When th is  was  hea t ed  with  10% s u l f u r i c  ac id ,  a good 
y i e l d  of the t e t r a h y d r o f u r a n  d e r i v a t i v e  IX was ob-  
t a ined .  
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T h e  IR  s p e c t r u m  of  IX ( p u r e  s u b s t a n c e )  h a s  a b s o r p -  

t i o n  b a n d s  o f  a C - - O - - C  b o n d  (1162  c m  - l )  a n d  a n  N H  

b o n d  ( 3 2 7 0  c m - i ) .  

I n  o r d e r  to  c o n f i r m  t h e  p r e s e n c e  o f  s e c o n d a r y  a m i -  

n o  g r o u p s  i n  c o m p o u n d s  V I I  a n d  IX,  t h e i r  N - a c e t y l  

d e r i v a t i v e s  w e r e  s y n t h e s i z e d .  

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

2, 5 -Dime thy l -4 - (3 ' -me thy l - l ' - bu tyny l ) -4 -p ipe r id ino l  (III). 
A 3-necked round-bottomed flash fitted with a stirrer, reflux conden- 
ser, thermometer ,  and dropping funnel was charged with 84 g of pow- 
dered caustic potash and 750 ml  of absolute ether. With vigorous 
stirring at - -4  ~ C, a mixture of 63.5 g of the  piperidone I and 46.2 g of 
the carbinol II in 300 ml  of absolute ether were gradually added. The 
reaction mixture was stirred with ice cooling for another 20 hr and then 
10 ml  of water was added at - 4  ~ C and it was stirred for another half  
an hour. The white precipitate of VI that deposited on the bottom of 
the flask was filtered off. It was insoluble in ether, benzene, and acetone. 
Weight 0.9 g, mp  275 ~ C. The ethereal layer was separated off and the 
aqueous layer was carefully extracted with ether. The ethereal extract  
was neutralized with carbon dioxide and dried with calcined potassium 
carbonate. After the ether had been driven off, the viscous dark red 
reaction product was distilled in vacuum.  The following fractions 
were obtained: l s t - -70-75  ~ C (2 mm),  2.84 g; 2 n d - 1 1 5 - 1 1 8  ~ C 
(2 mm),  2.3 g; 3rd--165-167 ~ C (2 mm),  65.1 g. The 1st fraction 
crystallized, mp 91-92 ~ C (IV), and gave no depression of the me l t -  
ing point with an authentic sample of tetramethyibutynediol.  After 
recrystalIization from benzene, the 2nd fraction yielded 1.8 g of the 
7- isomer of V with mp 93-94 ~ C. After two redistillations, the third 
fraction yielded 59 g of the pure acetylenic glycol III in the form of a 
vitreous mass; bp 166-167 ~ C (2 mm),  mp 50-51" C. On thin-layer 
chromatography, a single spot was found: Rf 0.55 (A1203, activity 
grade II, acetone--methanol ,  1 : 1). Found, %: N 6.37. Calculated 
for ClzH21NOz, %: N 6.63. The hydrochloride of III was obtained by 
adding an ethereal solution of dry hydrogen chloride to an ethereal 
solution of 0.5 g of the glycol and recrystallizing from ethanol the 
hydrochloride that precipitated. Yield 0.55 g (92%), mp 175-176 ~ C 
(hygroscopic). Found, %: N 5.19. Calculated for C12H21NO 2 �9 HC1, 
%: N 5.54. 

Cleavage of the  acetylenic  glycol  III. A carefully ground mixture 
of 6.33 g of III and 50 mg of caustic potash was melted in a disti l la- 
tion flask and subjected to vacuum.  Redistillation of the decomposi-  
tion product gave 2.47 g (65%) of the piperidinone I and 0.5 g (11%) of 
the piperidinoi V with bp 114-116 ~ C (2 ram), mp 93-94 ~ C after re- 
crystallization from benzene. 

2 , 2 , 6 , 9 - T e t r a m e t h y l - l - o x a - 8 - a z a s p i r o [ 4 ,  5]decan-4-one (VII). 
A flask with a stirrer was charged with 4.22 g of the acetylenic glycol 
III, 60 ml  of 10% sulfuric acid, and 2 g of mercuric sulfate and was 
heated in the boiling water bath for 6 hr. The solution was filtered and 
evaporated in vacuum,  and the residue was dried with potassium car- 
bonate and repeatedly extracted with ether. The extract was dried with 
potassium carbonate, the ether was driven off, and the product was 
distilled in vacuum to give 2.99 g (71%) of VII with bp 134-135 ~ C 
(2 mm),  n~ ~ 1.4840. Found, %: N 6.53. Calculated for ClzHzlNOz, 
%: N 6.63. 

N-Acetyl  derivative of VII. 2.11 g of VII was mixed with 5.4 g of 
acetic anhydride, and after the end of the exothermic reaction the 
mixture was Ereated with dilute sodium carbonate solution. The oil 
that separated out was extracted with ether and the extract was dried 
with sodium sulfate. Distillation of the ether yielded 2.97 g (90%) of 
VII with mp 30-31" C (from petroleum ether). Found, %: N 5.74. Cal-  
culated for Cr4Hz3NO 3, %: N 5.53.  

2, 5-Dimethyl-4-(3"-methylbatyl)-4--piperidinol  (VIII). In the pres- 
ence of Raney nickel (0.5 g), 6.33 g of III was hydrogenated in 100 ml  
of ethanoi at 30 ~ C. After the absorption of the calculated amount of 
hydrogen, the ethanol was driven off and the residue was distilled. 
This gave  5.79 g (90%)of VIII with bp 159-160 ~ C (4 mm),  n~ ~ 1.4880. 

Found, %: N 6.36. Calculated for C12H2sNO z, %: N 6.51. 
2 , 2 , 6 , 9 - T e t r a m e t h y l - l - o x a - 8 - a z a s p i r o [ 4 ,  5]deeane (IX). A mix- 

ture of 2.12 g of VIII and 30 ml  of 10% sulfuric acid was heated in the 
boiling water bath with stirring for 3 hr. At the end of the reaction, 
the  solution was evaporated in vacuum,  and the residue was saturated 
with potassium carbonate and extracted with ether. The ethereal ex-  
tract was dried with calcined potassium carbonate and, after the ether 
had been driven off, the reaction product was distiIied in vacuum to 
give 1.62 g (82~ of IX with bp 98-99 ~ C (2 ram), n~ ~ 1.4790. Found, 
%: N 6.76. Calculated for ClzHz3NO, %: N 7.10. 

The N-acetyl  derivative of IX was obtained by the reaction of 1 g 
of IX with acetic anhydride. The yield was 1.4 g (89~0), mp 27-28 ~ C 
(from petroleum ether). Found, %: N 4.81. Calculated for CI~HzsNO2 
g, %: N 5.40. 
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