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We have previously described a method of synthesizing some 4-piperidones with bulky substituents on the ni t ro-  
gen [1] and have invest igated the factors determining the s tabi l i ty  of such heterocycl ic  systems [2]. At the same t ime 
we showed that some 4-piperidones containing such a bulky substituent cannot be obtained in the cyc l ic  form [2]. In 
view of this we thought it  desirable to try to prepare 4-piperidones with a substituent on the nitrogen that could be 
la ter  converted into a more bulky substituent. As such a substituent on the nitrogen we chose 1 , 1 - d i m e t h y l - 2 - p r o -  
pynyl [as in (II)] because of the possibility of the conversion of this group, which is !ess hindered than t -butyl ,  into 
the more bulky substituent t -pen ty l  (by hydrogenation) and because the amine required as starting mate r ia l  - 1 ,1 -d i -  
me thy l -2 -p ropyny lamine  (I) - is readily ava i lab le  [3]. Apart from this, these ace ty len ic  piperidones may be of in-  
terest as compounds of probable pharmacologica l  act ivi ty  (cf. [4, 5]). The synthesis of the ace ty!enic  4-piperidones 
(II)-(VI) was carried out by the react ion of the amine  (I) either with the methiodide  of the 1-methylp iper idone  [1] or 
with the corresponding B-d ia lky lamino  ketone, its methiodide [2], or its hydrochloride.  

Comparison of the react ion of methiodides of "unhindered" 4-piperidones,  such as (VII) or (VIII), with t-C4HgNH B 
and with the amine  (I) reveals  the considerably higher rate of the formation of 1- t -butylpiper idones .  Thus, an aqueous 
solution of the methiodide (VIII) scarcely reacts at a l l  with the amine  (I) at 20 ~ in the course of 24 h, i .e , ,  under the 
conditions under which react ion between t-C4H9NH 2 and the methiodide (VIII) gives 1 - t - b u t y l - 3 - m e t h y l - 4 - p i p e r i d o n e  
in 86% yie ld  [1]. The cause of the lower react iv i ty  of the ace ty len ic  amine  (I) probably lies in the weakening of the 
basic character  of this amine  as a result of the inductive effect of the ace ty len ic  grouping ( - I  effect).  It  is indeed 
found that i f  this react ion is carried out in presence of an equivalent  of a lkal i ,  the yield of the piperidone (III) is in-  
creased.  
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This gives us reason to suppose that in the action of a lkal i  on the methiodide (VIII) the amino ketone (IX) is 
first formed (see Experimental)  and that  this reacts further with the amine  (I) and gives the piperidone (liD. It  was 
shown previously that such unsaturated amino ketones react  readily with the lower amines; the diamino ketones (type 
X) which are then formed are readi ly cycl ized  under the ca ta ly t ic  action of water into 4-piperidones,  e.g.  (XI) [6]. 
However, when hindered amines are used i t  would apFear that the predominating direction of the react ion is direct  

amino exchange [ ' t ransaminaf ion"  (IX) ~ (XII)]. Such transamination is considerably fac i l i ta ted  by the a m m o n i a -  
tion of the amino group [2], as a result of which in the reaction of the ace ty len ic  amine (I) with amino ketone meth -  
iodides at  room temperature there is rapid formation of 4-piperidones or the corresponding noncycIic products (or 
mixtures of these), depending on the structure of the original  methiodide [see, e.g. (XIII) ~ (IID or (XIV) -+ (XV)]. 
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It  was later  found that hydrochloric acid  can be used as the ammonia t ing  agent,  and by heat ing a mixture of 
the amino ketone (XVI) or (XVIII) [7], the amine  (I), and one equivalent  of HC1 we obtained the 4-piper idone (III) 

or (VI). 

By such t reatment ,  from the amino ketone (XIX) we obtained the noncyclic amino ketone (XV) and from the 
amino ketone ( X V I I ) -  a mixture of the cycl ic  (IV) and noncycl ie  (XX) transamination products. Similar  results were 

obtained when methiodides of piperidones [e.g.  (VIII) and (XXI)] were heated with the amine  (I) (without the addit ion 
of alkal i) .  Evidently, in this case also there is first formed a mixture of the unsaturated d ia lkylamino ketone, the 
amine (I), and one equivalent  of acid,  and this further gives the corresponding ace ty len ic  4-piper idone [(III) or (V)] 
and dimethylaminehydr iodide .  The choice between the first and second methods of synthesis is determined mainly 
by the accessibi l i ty  of the starting compound. As regards the mechanism of the transamination,  we must probably 
assume the in termedia te  formation of a divinyl  ketone from the ammonia ted  form of the /3-dialkylamtno ketone 
under the action of an a lkal ine  medium [8]. This view is supported by the ident ica l  compositions of the react ion 
products in the react ion of divinyl  ketones or of methiodides with primary amines.  I t  is character is t ic  that in ab -  

sence of acid the B-dia lkylamino  ketone (XVI) reacts with the amine (I) ex t remely  slowly. 
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As wil l  be seen from the results discussed above, the greatest interest for the e lucidat ion of the stereochemistry 
of the cyc i iza t ion  is presented by the cycl izaf ion of the amino ketones (XVII), (XVIII), and (XIX). Despite their s imi -  
lar i ty in the character  of their substitution (cis-substituted double bond), in react ion with the amine (I) the amino 
ketone (XVIII) gives the cycl ic  product (VI) (absorption due to a conjugated keto group is absent in the ul t raviolet  
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spectrum), but the amino ketone (XIX) gives the noncycl ic  amino ketone (XV) ( ) ,max  235.5 mg,  ~ = 13420). The 
probable explanat ion of such a marked difference between these compounds of s imilar  structure may be related to 
the different s tabi l i t ies  of c i s -cyc t i c  systems among N-a lky la ted  4-ketooctahydropyrindines and 4-ke todecahydro-  

quinolines [9, 10] in the case when cyc l iza t ion  occurs as t rans-dipolar  addit ion at an ac t iva ted  double bond with 
protonizat ion of the a - c a r b o n  atom occurring simultaneously with the formation of the C ( g ) - N  bond; then, as can 
be seen from the react ion scheme, c i s -annela t ion  of the piperidine ring with the carbocycl ic  part of the molecule  
must arise, and this is energet ica l ly  more favorable for the pyrindine system and less favorable for the quinoline sys- 
tem.  Another possible explanat ion is that, if eye l iza t ion  occurs through the enolate  in te rmedia te  state (XXII) and 
(XXIII), the enolate  (XXIII) must be regarded as energet ica l ly  more favored, since it contains an e x o - c y c l i c  double 
bond in the f i ve -membered  ring [11]. In both bases we may expect  preferential  c i s -ke toniza t ion  of the eno!ates 

(XXII) and (XXIII) (cf. [12]), which must be the energet ica l ly  more favored process if  the system arising is more stable.  

The examinat ion of models shows that for the ketone (XVII) and the divinyl  ketone (XXIV) [13] the most favored 
configuration wil l  be that with a trans arrangement  of the methyl  groups at the double bond, par t icular ly  in view of the 
fact  that in the course of their synthesis they were subjected to acid and a lkal ine  t rea tment  at  high temperatures [7, 
13]. It could therefore be expected that under mild  conditions the divinyl ketone (XXIV) in react ion with a hin-  
dered amine  would in the first p lace  give the noncycl ic  trans amino ketone (XX) (cf. [2]), and in fact  the main pro-  
duct  of the react ion of this ketone (XXIV) with the amine (I) in the cold is the noncycl ic  ketone (XX), which then, 
ex t remely  slowly at room temperature  or more rapidly when heated,  gives the cycl ic  product (IV). However, this 
process is never complete ,  and even after long heat ing the mixture contains (XX) and (IV) in the proportions of about 

3 : 2 .  When a solution of the piperidone (IV) in aqueous dioxane is heated,  the same mixture is formed. It is probable 
that in this case the open form (XX) and the piperidone (IV) are in equil ibrium with also a third component  of the 
system - the other isomer of the piperidone,  which cannot be isolated because of its instabil i ty.  This unstable p iper i -  
done isomer is possibly an in termediary  in the conversion (IV) ~ (XX). In support of this view we may advance the 
argument that the analogous process (XXV) ~ (XXVI), in which there is no possibili ty of the formation of isomeric 
cyc l ic  products, goes very rapidly even at  room temperature.  
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The difference in the effect ive bulks of the hydrocarbon groups i n t h e  ace ty len ic  amine (I) and in t -bu ty iamine  
is noteworthy; i t  is manifested par t icular ly  c lear ly  in the reactions of the amine (I) and of t -bu ty lamine  with the 
methiodide  of the amino ketone (XVIII): at  room temperature  only the noncyclic react ion product is formed with 
t -bu ty lamine ,  whereas under these conditions the ace ty len ic  amine  (I) gives the piperidone (VI). When the me th -  
iodide  of (XVIII) is heated with t-C4HsNH2, the main react ion product is a ketone which corresponds in analysis to 
the product of the addit ion of two molecules of cyclopentenyl  vinyl ketone to one molecule  of t-C4HgNH 2. 

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

1 ,1 , -Dimethy l -2 -p ropyny lamine  (I). A solution of one mole  of 3 - c h l o r o - 3 - m e t h y l - l - b u t y n e  in five t imes its 
weight of dry ether was added slowly over a period of 2 h to a solution of sodamide prepared from 25 g of sodium in 
1500 ml of liquid ammonia .  Stirring was continued further for 3 h, ammonia  was evaporated,  and residual ammonia  
was removed by boiling with ether. The ethereal  layer was f i l tered under pressure and was fract ionated through 
a column. We obtained 69 g (83%) of (I); b. p. 81-82~ n}~ 1.4216 (the yield of this amine  is given as 41% in [3]). 
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l-(l,l-Dimethyl-2-propynyl)-3-methyl-4-piperidone (Ill). a) 2.2 ml (10% excess) of l,l-dimethyl-2-pro- 

pynylamine (1) was added with cooling to a solution of 5 g of 1,3-dimethyl-4-piperidone methiodide (VIII) [1] in 

5 ml of water, and the react ion mixture was left  for one day at room temperature.  After ether extract ion,  drying 
of the ether layer, and removal  of  solvent (cf. [1]) we obtained 0.57 g of (III), ident ica l  chromatographical ly  with 
the samples described below. 

b) A mixture of 5 g of the methiodide (VIII), 5 ml of water, 2.2 ml of the amine (I), and 1 g of KOH was left  
for 24 h at room temperature and then extracted with ether. From the ether layer we obtained the piperidone (III) 
in 40~ yield. 

c) 1.2 g of KOH was added gradually with stirring to a solution of 5 g of the methiodide (VIII) in 5 ml of water, 
the reaction product was extracted with ether, the ether extracts were dried with potassium carbonate, ether was vac- 

uum-distilled off, and the residue was dissolved in dry acetone. To this solution we added excess of CH3I, and the 

5-dimethylamino-2-methyl-l-penten-3-one methiodide (XIII) that came down was filtered off and washed with 

acetone; yield 3.1 g. 1.3 ml of 1,1-dimethyl-2-propynylamine was added to a solution of the methiodide in 6 ml 
of water, the mixture was left  for one day at room temperature,  and after t reatment  as under (b) we obtained 1 g of 
the crystal l ine piperidone (III) (when chromatographed [14], this product gave one spot of R~ 0.47 on alumina of 
ac t iv i ty  II in 1 : 3  ace tone-heptane) .  After being crysta l l ized from heptane the piperidone (III) mel ted  at  75-77 ~ and 
gave no ul traviolet  absorption character is t ic  for c~,/3-conjugated ketones. Found: C 74.12; H 9.57; N 7.66%. CtlH17NO. 
Calcu la ted :  C 73.74; H 9.50; N 7.82~ 

d) A mixture of equimolecular  amounts of 5 - d i m e t h y l a m i n o - 2 - m e t h y l - l - p e n t e n - 3 - o n e  (XVI) [7] and the amine  
(I) in water was heated with stirring at 75 ~ for 4 h. Analysis of the reaction mixture by chromatography on a lumina 
showed that i t  contained only traces of the piperidone (III). 

e) 30 ml of water, 16 ml of concentrated hydrochloric acid, and 18 ml of the ace ty lenic  amine (I) were added 
to 26.6 g of the amino ketone (XVI); the mixture was stirred for 4 h at  75 ~ and then left  overnight. The crystals then 
precipi ta ted were f i l tered off and crysta l l ized from heptane.  We obtained 15.7 g (56%) of 1 - (1 ,1 -d ime thy l -2 -p ro -  
pyny l ) -3 -me thy l -4 -p ipe r idone  (III), m. p. 74-75 ~ undepressed by admixture of the sample obtained in Expt. (c). 

1 - (1 ,1 -Dime thy l -2 -p ropyny l )oc t ahydro -4H- l -py t ind in -4 -one  (VI). From 4.6 g of 1 - c y c l o h e x e n - l - y l  2 - d i -  
e thylaminoethyl  ketone (XVIII) [7], 2.6 ml of the amine  (I), 5 ml of water, and 2.4 ml of concentrated hydrochloric 

acid under the conditions of Expt. (e) (two hours at 80 ~ we obtained 4.2 g of a mixture of react ion products, by the 
crystal l izat ion of which from heptane we isolated 1.9 g of 1 - (1 ,1 -d ime thy l -2 -p ropyny l )oc t ahydro -4H- l -py r ind in -4 -  
one (VI), m. p. 64 ~ The ul traviolet  spectrum contained no maximum character is t ic  for c~, B-conjugated ketones. 

Found: C 76.51; H 9.31; N 6.81%. CI3H19NO. Ca lcu la ted :  C 76.09; H 9.27; N 6.83%. 

1 - C y c l o h e x e n - l - y l  2 - (1 ,1 -d imethy l -2 -propynylamino)e thy l  ketone (XV). A mixture of 7.26 g of 1 - c y c l o -  
h e x e n - l - y l  2 -d imethy laminoe thy l  ketone (XIX) [2], 7 ml of water, 4 ml of concentrated HC1, and 4.5 ml of the 
ace ty lenic  amine  (I) was heated under the conditions of Expt. (e) (80 ~ 5 h), and by purification through the hydro- 
chloride we obtained 5.64 g (54%) of 1 - c y c l o h e x e n - l - y l  2 - (1 ,1 -d imethy l -2 -propynylamino)e thy l  ketone hydrochlor-  

ide, m. p. 193-195 ~ (from m e t h a n o l -  ethyl  ace ta te) ;  Xma x in alcohol  235.5 mp, s = 13420. Found: C 65.76; H 8.63; 
N 5.76; C1 13.90%. C14H22NOC1. Calcu la ted :  C 65.75; H 8.61; N 5.48; C1 13.89%. 

1 - (1 ,1 -Dime thy l -2 -p ropyny l ) -2 ,3 -d ime thy l -4 -p ipe r idone  (IV) and 2 - (1 ,1 -d imethy l -2 -propynylamino)e thy l  
1-methylpropenyl  ketone (XX). a) Under the above-descr ibed conditions (80 ~ five hours) from a mixture of 9.5 g 
of 2 -d ie thy laminoe thy l  1-methylpropenyl  ketone (XVII) [7], 5.2 ml of concentrated HC1, 6 ml of the ace ty len ic  
amine (I), and 10 ml of water we obtained 9 g of a mixture of reaction products. This mixture was dissolved in 
methanol  and neutral ized to Congo Red with dry HC1, ethyl ace ta te  was added, and the crystals then precipi ta ted 
were f i l tered off and washed with ethyl aceta te .  We obtained 2.7 g of the hydrochloride of 1 - (1 ,1 -d ime thy l -2 -  
p ropynyl ) -2 ,3 -d imethy l -4 -p iper idone  (IV), m. p. 134-135 ~ which contained a very small  amount of admixed non- 
cycl ic  product (Xma x in alcohol 231.5 m p ,  e = 3530). Trea tment  of this with potassium carbonate gave the base, 
which after being crystal l ized from isopentane had m. p. 28-29 ~ Found: C 74.57; H 10.05; N 7.20%. C12HIpNO. 

Calcu la ted :  C 74.56; H 9.90; N 7.23%. 

The mother solutions remaining after the isolation of (IV) were evaporated,  and the residue was dissolved in 
ethyl  ace ta te ;  1.1 g of the hydrochloride of 2 - (1 ,1 -d imethy l -2 -propynylamino)e thy l  1-methylpropenyl  ketone (XX) 
crystal l ized out; m. p. 156-157~ Xma x 231.5 mp ; e = 11400. Found: C 62~48; H 8.70; N 6.35; C1 15.48~ 
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Figs. 1-3. Th in - l aye r  chromatograms on unbound a lumina  of ac t iv i ty  II; 
solvent systems: Figs. 1 and 2 - ace tone-heptane  1 : 3 ;  Fig. 3 - ace tone -  
heptane 1 : 1. 

Fig. 1. a) (XX); b) (IV); c) (XX) after being heated in aqueous dioxane for 
2 h at 80~ d) (IV) after being heated in aqueous dioxane for 2 h at 80~ e) 
react ion mixture from Expt. (b) before being heated in aqueous dioxane;  
f) react ion mixture from Expt. (b) after being heated in aqueous dioxane. 
Fig. 2. a) react ion mixture;  b) ana ly t ica l ly  pure (V). 
Fig. 3. a) (II) in react ion mixture;  b) product of composit ion C20HslNOz; 
c) product of react ion of (XVIII) with t -bu ty lamine  at 20 ~ ; d) reaction 
mixture obtained by heat ing in a steel tube. 

Ct~H2~NOC1. Ca lcu la ted :  C 62.72; H 8.78; N 6.09; C1 15.43%. When a solution of the pure base (IV) or (XX) in aque- 
ous dioxane was heated for 2 h at 80 ~ a mixture of (IV) and (XX) in the proportions of 2 : 3  approximate ly  was again 
formed (Fig. 1). 

b) With cooling with ice,  a solution of 11.9 g of 1-methylpropenyl  vinyl ketone (XXIV) [13] in ether was added 
gradually to a mixture of 12 ml of the amine (I) and 12 ml of water. The mixture was stirred for 30 rain at 0 ~ and 
then lef t  overnight at room temperature;  the ether layer was separated and vacuum-evapora ted .  According to chro-  

matography (Fig. 1) the residue contained mainly the noncyclic  product (XX), which was then heated for 18 h in 25 m 
of aqueous dioxane (1 :4 )  (for the chromatography of the react ion mixture see Fig. 1). After t reatment  as in Expt. (a) 
from methanol  - ethyl ace ta te  we obtained 13.2 g of the hydrochloride of the noncyclic  amino ketone (XX). From 
the mother solutions we prepared the base, which was vacuum dist i l led;  b. p. 95-96 ~ (2 ram); weight 6.3 g. Accord-  
ing to chromatography, this product was a mixture of (XX) and (IV) in the proportions of 3 : 2  approximate ly .  

1 - (1 ,1 -Dime thy l -2 -p ropyny l ) -2 ,5 -d ime thy l -4 -p ipe r idone  (V). A mixture of 30 g of 1 ,2 ,5 - t r ime thy l -4 -p ipe r i -  
done methiodide  [15], 30 ml of water, and 12 ml  of the ace ty lenic  amine (I) was heated with stirring for 6 h at  80 ~ 
and then left  overnight. The react ion products were extracted with ether, and the extract  was dried (for the chro-  
matography of this extract  see Fig. 2). The residue remaining after the removal  of ether (16.3 g) was vacuum-d i s -  
t i l led.  We obtained 13.8 g of a crysta l l ine  product, b. p. 65-67 ~ (2 ram). After crysta l l izat ion from hep tane- i so -  
pentane we obtained 10.2 g of 1 - ( 1 , i - d i m e t h y l - 2 - p r o p y n y l ) - 2 , 5 - d i m e t h y l - 4 - p i p e r i d o n e  (V), m. p. 69-70 ~ which 
gave no ul t raviolet  absorption character is t ic  for an a, 13-conjugated ketone. Found: C 74.12; H 9.90; N 7.41%. 
C12H!sNO. Calcu la ted :  C 74.61; H 9.84; N 7.25%. 

1 - (1 ,1 -Dimethy l -2 -p ropyny l ) -4 -p ipe r idone  (I1). A mixture of 2.6 g of 1 -me thy l -4 -p ipe r idone  methiodide  [1], 
3 ml of water, and 1.2 ml of the ace ty lenic  amine  (I) was heated with stirring at 80 ~ After 30 rain crystals started 
to separate from the in i t ia l ly  homogeneous react ion mixture. Heating was continued further for 15 rain, and then 
the mixture was extracted with ether. According to chromatography (Fig. 3), substantially only one product was pres- 
ent in this extract .  Ether was driven off, and we obtained 0.86 g of 1 - (1 ,1 -d ime thy l -2 -p ropyny l ) -4 -p ipe r idone  (II), 
which after crys ta l l iza t ion from heptane-e ther  had m. p. 136 ~ The ul t raviolet  spectrum showed no absorption char -  
acter is t ic  for a conjugated ketone. Found: C 72.60; H 8.74; N 8.49%. Ct0H~NO. Ca lcu la ted :  C 72.72; H 9.09; N 
8.48olo. 
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Reaction of the methiodide of 1-cyclopenten-l-yl  2-diethylaminoethyl ketone (XVIII) with t-butylamine. 
t-Buty~lamine was added to a solution of the methiodide of the amino ketone (XVIII) [13] in water, and the reaction 
mixture was left for one day at room temperature. The reaction products were extracted with ether. As chromato- 
graphy shows (see Fig. 3), the reaction products contained mainly the noncyclic product (for the cyclic product Rf 
should have been about 0.5-0.7), a very small amount of the original /3 -diethylamino ketone (XVIII), and a certain 
amount of a reaction product of composition Cz0H31NO2. The unsaturated characters of all three products were con- 
firmed by their ultraviolet spectra. The ether extract was evaporated, and the residue was crystallized from a mix- 
ture of benzene and isopentane; this gave a small amount of a product of m. p. 150-151", which according to ele-  
mentary analysis had the composition Cz0H31NO2.(Found: C 75.60; H 9,49; N 4.41%; calculated: C 75.70; H 9.74; 
N 4.38%); Xma x 245 m~, a = 9820. When this reaction was carried out by heating the mixture of reactants in a 
steel tube at 80* for 3 h, the main product (see Fig. 3) was the same ketone C2et-I31NO2, whose structure was not 
studied in detail. 

SUMMARY 

Some 1-(1,1-dimethyl-2-propynyl)-4-piperidones were synthesized, and the effect of substitution in the piperi 
dine ring on the reversible cyclization of unsaturated /5-alkylamino ketones into 4-piperidones was investigated. 
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All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b ib l iography  are le t ter*by- le t ter  trans l i ter-  
a t i ons  of  the  a b b r e v i a t i o n s  as  g iven  in the or ig inal  R u s s i a n  journal.  Some or all  of  th i s  per i .  

od ica l  l i t e ra ture  may  wel l  be  a v a i l a b l e  in E n g l i s h  t ransla t ion.  A c o m p l e t e  l i s t  o f  the c o v e r - t o .  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the back  of  th i s  i s s u e .  
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