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React ion of t r i ace tonamine  with ethyl cyanoaceta te  and ammonium aceta te  gives ,  in addition 
to the n o r m a l  Knoevenagel  reac t ion  product  (2 ,2 ,6 ,6 - t e t r amethy l -4 -e thoxycarbony lcyano-  
methylenepiper id ine) ,  its convers  ion product  3 - c y a n o - 4 -  ( f l , f l -d imethylvinyl) -  6 ,6-d imethyl -  
A3-dehydro-2-p iper idone .  Acid hydro lys i s  of the l a t t e r  gives a d i h y d r o - ~ - p y r o n e  de r iva -  
t ive.  The m e c h a n i s m  of the fo rmat ion  of the new compounds is d i scussed ,  and the i r  s t r u c -  
t u re s  a re  p roved  by the i r  NMR and m a s s  spec t ra .  

On c a r r y i n g  out the condensat ion of t r i ace tonamine  with ethyl cyanoaceta te  in the p r e sence  of a m m o -  
nium aceta te ,  in addition to the expected 2 ,2 ,6 ,6 - t e t r amethy l -4 -e thoxycarbony lcyanomethy lenep ipe r id ine  (I), 
the re  was isola ted a cons iderab le  amount of a co lo r l e s s ,  c rys ta l l ine  ma t e r i a l  with the mo lecu l a r  fo rmula  
C12H16N20. F r o m  its IR s p e c t r u m  [~, cm- l :  2225 (C --N) and 1675 (C = O)] and molecu la r  weight (204) as 
de te rmined  by m a s s  s p e c t r o m e t r y  and c ryoscop ica l ly  (in phenol), this  compound could be 2 ,2 ,6 ,6 - t e t r a -  
methy l -8 -cyano-A3-dehydro-7-qu inuc l idone  (II). The fo rmat ion  of this compound could occur  by i n t r amo-  
l ecu la r  cycl iza t ion of the e s t e r  I. However ,  the p r e sence  of a double bond at the br idgehead (C 4) carbon 
a tom makes  this s t r u c t u r e  unacceptable  for  s t e r i c  r easons  (Bredt ' s  rule).  The NMR s p e c t r u m  of the com-  
pound C12H16N20 shows the p r e s ence  of two pa i r s  of equivalent methyl  groups (6 1.355 ppm and a doublet at 
6 1.975 ppm),  an isolated methylene  group (6 2.65 ppm),  and a methine group (6 6.206 ppm),  and also one 
proton on ni t rogen (6 7.553 ppm). This p e r m i t s  us to ass ign the s t ruc tu re  6 ,6 -d imethy l -4- ( f i ,  f i -d imethyl -  
v iny l ) -3 -cyano-A3-dehydro -2 -p ipe r idone  (III) to this compound, with a substant ia l  degree  of probabil i ty.  

The yield of this compound inc reases  propor t iona te ly  with an inc rease  in the duration of the boiling 
t ime  of the mix tu re  of t r i ace tonamine ,  ethyl cyanoaceta te ,  and ammonium ace ta te  in benzene ( f rom 1 to 10 hr) ,  
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Fig. 1. Mass  s p e c t r u m  of 3 -cyano-4 - ( f l ,  f i -d imethy l -  
v inyl)-  6,6- d imethy l -A3-dehydro-2-p iper idone  (III). 
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and also  with an increase  in the t emperature  of the react ion.  For  example ,  rep lacement  of the benzene  by 
the h igher-bo i l ing  so lvents  to luene or  xylene i n c r e a s e s  the yield of HI f r o m  12 to 39%, the yield of the e s t e r  
I d e c r e a s i n g  substant ia l ly  at the s a m e  t ime.  

It has been shown that III is formed via the acetyl  derivat ive  of I (IV), which was  i so lated  f rom the 
react ion  mixture  2 hr after the beginning of the react ion  (in toluene).  On heating the acetyl  der ivat ive  IV 
above 120 ~ C, III is invariably formed.  

The e s t e r  I is a l so  converted  into the dehydropiperidone HI by boil ing in toluene for 3 -4  hr in the 
p r e s e n c e  of a m m o n i u m  acetate.  The format ion  of III f r o m  tr iace tonamine  and ethyl  cyanoacetate  can ap- 
parently  be explained as fo l lows.  The e s t e r  I which is f irst  formed is acetylated by the ammonium acetate.  
The amide IV, in which the ni trogen atom is l inked to a quaternary carbon atom, is further converted to the 
unsaturated intermediate  compound V, which then c y c l i z e s  to the dehydropiperidone III, 
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The f i ss ion  of the N-C(CH3) 2 bond in subst i tuted amides  has been obse rved  prev ious ly  by s e v e r a l  au-  
thors  [1-3], but in all  the cases  desc r ibed ,  the p roce s s  occurs  under  conditions of acid hydrolys is .  
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In o rde r  to con f i rm  the s t ruc tu re  of HI, it was subjected to a number  of chemica l  convers ions .  Hydro-  
genation ove r  pla t inum oxide gives the amine VI. Acid hydro lys i s  of III gives the d i h y d r o - a - p y r o n e  d e r i v -  
at ive (VII), which is apparen t ly  fo rmed  as a r e su l t  of hydro lys i s  of the cycl ic  amide and n i t r i le  groups,  fol-  
lowed by par t ia l  decarboxyla t ion  and subsequent  c losu re  of the pyrone ring. 

The NMR s p e c t r u m  of VII p o s s e s s e s  s ignals  due to the protons of the two pa i r s  of equivalent  methyl  
groups (6 1.190 and 1.457 ppm), two methylene  (6 2.310 and 2.566 ppm),  and one methine group (6 5.843 
ppm). The d i h y d r o - a - p y r o n e  VII was reduced with l i thium aluminum hydride to the cor responding  d ihydro-  
pyran  VIII, and a lso  conver ted  to the acetyl  der iva t ive  IX. 

In o rde r  to conf i rm definitely the reac t ions  desc r ibed  above,  the m a s s  s p e c t r a  of these  compounds 
were  de termined.  The m a s s  s p e c t r u m  of III (Fig. 1) shows a s t rong  peak due to the m o l e c u l a r  ion w i t h m / e  
204. The m a j o r  peak  in the spectru~n is the ion peak ( M - 1 5 )  + with m / e 1 8 9 , w h i c h  co r r e sponds  to the e l im-  
ination of a methyl  rad ica l  f r o m  the m o l e c u l a r  ion. The height of this peak  is apparent ly  explained by the 
p r e f e r en t i a l  e l iminat ion of a methyl  group f r o m  the a - p o s i t i o n  of the piper idone,  to give the s table  ion X. 
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Fig. 2. Mass  s pe c t rum of 3 -aminomet f ly l -4 - ( /3 -methy l -  
p ropy l ) -6 ,6 -d imethy l -A3-dehydro-2 -p ipe r idone  (VI). 
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Fig. 3. Mass s p e c t r u m  of 6 ,6 -d imethy l -4 -  ( f l -methyl -  fi- 
aminopropy l ) -A3-d ihydro-2-pyrone  (VII). 
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This,  however ,  does not exclude the poss ib le  f iss ion of a methyl  rad ica l  f rom the isobutenyl group. 
The ( M - 1 5 )  + ion undergoes  fu r the r  e l iminat ion of a CH 3 group (ion with m / e  174), followed by a CN group 
(ion with m / e  148) and a CO group (ion with m / e  120). 

The m a s s  s p e c t r u m  of III t he re fo re  ag rees  quite well  with this s t ruc ture .  

In the m a s s  s p e c t r u m  of VI (Fig. 2), no molecu la r  ion peak is seen. The heavies t  ion, with m / e  181, 
is probably  f o r m e d  by the e l iminat ion of fo rmald imine  (CH 2 = NH) f r o m  the side chain (CH2NH2) of VI. The 
ion with the highest  intensi ty is that  with m / e  180, cor responding  to the f iss ion of the side chain ( M - C H  2 �9 
NH2) § F u r t h e r  breakdown of this ion takes place by the e l iminat ion of propylene  (ion with m / e  138) and 
butylene (ion with m / e  124). The la t te r  ion apparent ly  loses  an HCO group to give an ion with m / e  95. The 
m o l e c u l a r  ion of VI a lso  loses  propylene  (ion with m / e  168), followed by a CO group (ion with m / e  140) and 
CH2-- NIl (ion with m / e  111), success ive ly .  

The m a s s  s p e c t r u m  of VII (Fig. 3) also ag rees  well with its s t ruc ture .  The m o l e c u l a r  ion peak ap-  
p e a r s  at m / e  197, the (M - NH3)+ion with m / e  180, and the (M - NH3-CH3) + ion at m / e  165. The mos t  
abundant ion, however ,  is fo rmed  by the succes s ive  el iminat ion of the side chain, apparent ly  as the cyclic  

imine  C H ~ \ / ' N H  (ion with m / e  126), and the CO 2 group (ion with m / e  82). The s t ronges t  peak  in the 
C H 3 / \  

+ 
m a s s  s p e c t r u m  is that  due to the amino f r agmen t  (CH3)2C~NTI 2 (m/e  58), the fo rmat ion  of which can be 
explained by the p re fe ren t i a l  location of the pos i t ive  charge  on the ni t rogen a tom,  r a t h e r  than on the oxygen 
a tom,  in the m o l e c u l a r  ion of VII. 
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EXPERIMENTAL 

The IR spectra were recorded in Vaseline oil suspensions on a UR-10 recording spectrometer, and 

the NMR spectra were taken on a JNB-100 spectrometer in CDCI3, using TMS as internal standard (we sin- 
cerely thank Yu. N. Sheinker and K. F. Turchin for the NMR spectra and for their interpretation). 

The mass spectra were obtained on an MX-13 03 mass spectrometer with an ionization potential of 
30-40eVand a temperature of 25-160 ~ C. Compounds III and VII were evaporated directly with the ion 
source close to the ionization region. Compound VI was evaporated in a glass charging vessel. 

2,2,6,6-Tetraraethyl-4-ethoxycarbonylcyanoraethylenepiperidine (1). A 3.l-g (0.02 mole) quantity of 
t r iacetonaraine,  2.26 g (0.02 mole) of ethyl cyanoaeetate,  and 0.62 g (20% of the weight of the ketone) of am-  
monium acetate were boiled in 100 ml of benzene for 1 hr ,  the water  being removed azeotropically.  The 
react ion mixture was cooled and t rea ted  with 20 ml of 50% potass ium carbonate solution, then extracted 
with ether.  The ext rac ts  were dried over  potass ium carbonate ,  the ether  and benzene were removed,  and 
the residue distilled in vacuo to give 2.45 g (50%) of a co lor less  crysta l l ine  solid with mp 57-58 ~ C, bp 
128-130 ~ C (1.5 tara). Found, %: C 67.23; H 8.76; N 11.01. Calculated for C14H22N202, %: C 67.16; H 8.85; 
N 11.19. Hydrochloride,  co lor less  crysta l l ine  solid, mp 204-206 ~ C. Found, %: C 58.40; H 7.82; C1 12.34; 
N 9.99. Calculated for CI4H22N202 �9 HC1, %: C 58.62; H 8.08; C1 12.33; N 9.77. 

1-Acety l -2 ,2 ,6 ,6- te t ramethyl -4-e thoxycarbonyleyanomethylenepiper id ine  (IV). A) A 3.1-g (0.02 mole) 
quantity of t r iacetonaraine,  2.26 g (0.02 mole) of ethyl cyanoacetate,  and 0.62 g of ammonium acetate  were 
boiled in 100 ml of benzene with azeotropic removal  of water  for  3-4 hr.  The react ion mixture  was cooled, 
when 1.58 g (28%) of a co lor less ,  finely crys ta l l ine  solid separated,  mp 115-117 ~ C. Recrysta l l izat ion f rom 
ethanol left the mp unchanged. IR spect rum,  v, era-l:  2225 (C - N); 1740, 1635 (C = O). Found, %: C65.41; 
H 8.11; N 9.8, Calculated for  C16H24N203, %: C 65~ H 8.27; N 9~ 

B) A 5-g (0.02 mole) quantity of I was dissolved in 25 ral of acetic anhydride,  and kept at room tem-  
pera tu re  for  8-10 hr.  The precipi ta te  which separated was f i l tered off and washed with ether  to give 3.82 
g (66%) of a co lor less ,  finely crysta l l ine  solid, mp 115-117 ~ C which gave no mp depression on admixture 
with the mate r ia l  obtained as in A) above. On dissolving IV in a 2-3% alcoholic solution of HC1 in the cold, 
hydrolysis  of the acetyl  group took place, giving the hydroehlor ide of I, rap 204-206 ~ C. 

3-Cyano-4- ( f i ,  f i -di raethylvinyl)-6 ,6-dimethyl-A3-dehydro-2-piper idone (III). A) A 3 .1-g  (0.02 mole) 
quantity of t r iacetonamine,  2.26 g {0.02 mole) of ethyl cyanoacetate ,  and 0.62 g of ammonium acetate were 
boiled in 40 ml of toluene with azeotropic  removal  of water  for 4-5 hr. The react ion mixture was cooled, 
and the crys ta l l ine  product  was f i l tered off, washed with ether ,  and dried to give 1.58 g (3 8.6%) of a co lo r -  
less  crys ta l l ine  solid, mp 183-184 ~ C {from alcohol). Found, %: C 70.73; H 7.90; N 13.80. Calculated for  
C12H16N20, %: C 70.58; H 7.89; N 13.77. 

B) A 14.6-g (0.05 mole) quantity of IV was placed in a flask and heated in an oil bath, the t empera tu re  
of the react ion mixture being keptbelow 130 ~ C. After  cooling, the react ion mixture was t r i tura ted  with 50 
ral of ether ,  and the resul t ing solid was f i l tered off and washed with e ther  to give 7.6 g (75%) of a co lor less ,  
c rys ta l l ine  solid with mp 183-184 ~ C (from alcohol). A mixed mp with mater ia l  obtained by method A) gave 
no depression.  

C) A 5-g (0.02 mole) quantity of I and 1.54 g (0.02 mole) of ammonium acetate were boiled in 40 ral of 
toluene with azeotropic  removal  of water  for 4 hr.  The reac t ion  mixture was cooled, and the solid which 
separa ted  was f i l tered off and washed with e ther  to give 2.06 g (50.6%) of a co lor less ,  c rys ta l l ine  solid, 
rap 183-184 ~ C (from alcohol). A mixed mp with the mater ia l  obtained by method A) gave no depression.  

3-Arain•raethy•-4-(•-methy•pr•py••-6•6-dimethy•-A3-dehydr•-2-piperid•neHydr•ch••ride (VI). A 5-g 
(0.0245 mole) quantity of III was reduced in absolute alcohol (100 rnl) over  0.1 g of platinum catalyst ,  at 
room tempera tu re  and a p r e s su re  of 20-30 mm of water.  The hydrogenation was discontinued af ter  the ab- 
sorption of 3 moles of hydrogen,  giving 3.5 g (58%) of V as a co lor less ,  crys ta l l ine  solid, rap 232-233 ~ C 
(from alcohol). Found, %: C 58.00; H 9.68; C1 14.56; N 11.37. Calculated for C12H22N20 �9 HCI, %: C 58.40; 
H 9.39; C1 14.36; N 11.35. 

6 ,6-Dimethyl -4- ( f i - rae thy l - f l -aminopropyl ) -A3-d ihydro-2-pyrone  (VII). A 10.2-g (0.05 mole) quantity 
of III was boiled with a mixture of 100 ral of acetic acid and 50 ml of HC1 for 20 hr.  After cooling, the acid 
mixture was evaporated in vacuo, and the res idue was t rea ted  with potassium carbonate solution until a lka-  
line, then extracted with chloroform.  The ch loroform was removed and the res idue was distilled in vacuo, 
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the fraction with bp 128-130 ~ C (0.5 ram) being collected. There was obtained 4.6 g (47.1%) of a viscous oil, 
which crystal l ized on standing to give colorless needles, mp 32-34 ~ C. IR spectrum, v, cm-l: 3300-3370 
(N-H) and 1715 (C=O). Found, %: C 66.90; H 9.32; N 6.93. Calculated for CllH19NO2, %: C 67.00; H 9.64; 
N 7.1. Hydrochloride, colorless crystalline solid, mp 194-195 ~ C (from alcohol). Found, %: C1 15.19; 
N 5.94. Calculated for ClIH19NO 2- HCI,%: C1 15.17; N 5.99. 

6,6-Dimethyl-4-(fl-methyl-fl-aminopropyl)-A3-dihydropyran (VIII). A 7.9-g (0.04 mole) quantity of 
VII was reduced with lithium aluminum hydride in ether for 20 hr,  giving 4.71 g (64.5%) of yellow caramel-  
like material ,  mp 137-140 ~ C (0.9 ram). NMR spectrum, ~, ppm: 1.095; 1.310 (CH3); 2.385 and 2.530 (CH2); 
and 5.912 (CH). Found, %: C 71.76; H 11.46; N 7.62. Calculated for CllH2~NO, %: C 72.07; H 11.54; N7.64. 

6,6-Dimethyl-4-(fl-methyl-fi-acetylaminopropyl)-A3-dLhydro-2-pyrone (IX). A 1.97-g (0.01 mole) 
quantity of VII was heated to boiling with 20 ml of acetic anhydride for 9 hr. The solution was evaporated, 
and the residue t r i turated with dry ether to give 2.3 g (95%) of a colorless ,  crystalline solid, mp 118-119~ 
(from ethyl acetate). IR spectrum, v, era- l :  3280 (N-H),  1710 and 1650 (C=O). Found, %: C 65.07; H 8.85; 
N 5.82. Calculated for C13H21NO3, %: C 65.24; H 8.84; N 5.85. 
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