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4-Cyano-4-dimethylamino-l ,3-dimethylpiperidines and 4-eyano-4-dimethylamino-l ,2,5-  
trimethylpiperidines have been synthesized and the directions of their reactions with 
nucleophilic reagents (Grignard reagents,  organolithium compounds, lithium tetrahydro-  
alQminate, etc.) have been studied. Depending on the nature of the reagent, the reactions 
of the ~-amino nitri les take place by addition to the cyano group, by its replacement,  or 
by these two directions simultaneously. 

The reaction of 4-cyano-4-dialkylaminopiperidines with Grignard reagents,  organolithium compounds, 
and lithium tetrahydroaluminate has attracted attention in recent  years as a simple and convenient method 
for obtaining physiologically active 4-monosubstitutcd and 4,4-disubstituted piperidine derivatives [1-5]. 
In the case of substituted 4-cyano-4-dialk.ylaminopiperidines, these reactions may lead to the formation of 
s tereoisomeric  compounds the physiological action of which must vary considerably according to their spa- 
tial s t ructure .  Up to the present  time, the reactions of a-amino nitriles of the piperidine series  with Grig- 
nard reagents,  organolithium compounds, and lithium tetrahydroaluminate have been investigated only for 
the cases of the 1-benzyl-4-cyano-4-dialkylaminopiperidines and the 4-cyano-4-dialkylamino-2,2,6,6- 
tetramethylpiperidines [1-5], the structure of which excludes the possibility of the formation of s te reo-  
isomeric derivatives.  

In order  to elucidate the stereochemical  laws of the reactions of substituted 4-cyano-4-dialkylamino- 
piperidines with Grignard reagents,  organolithium compounds, and lithium tetrahydroaluminate and to ob- 
tain previously lacking information on their  spatial directions, starting from 4-cyano-l ,3-dimethyl-  and 
4-cyano-l ,2 ,5- t r imethylpiper idin-4-ols  (I, II) [6, 7] we have synthesized 4-cyano-4-dimethylamino-l ,3-  
dimethylpiperidines (III) and 4-cyano-4-dimethylamino-l ,2,5-tr imethylpiperidines (IV) and have studied the 
directions of their  reactions with organomagnesium and organolithium compounds, with lithium te t ra -  
hydroaluminate, and with sodium in liquid ammonia. The amino nitriles (III, IV) were obtained by the reac-  
tion of the cyanohydvins (I, 1I) with methanolic dimethylamine [8]. 

According to the l i terature [9-12], the reactions of a-amino nitri les with organolithium and organo- 
magnesium compounds may take place in three competing directions: at the nitrile carbon atom with addi- 
t-ion to the triple bond of the cyano group (route A), at the a -carbon  atom with the replacement of the cyano 
group by the radical of a Grignard reagent (route B), or with the hydrogenolysis of the C a - N  bond and the 
reductive replacement of the cyano group (route C), The relative reactivit ies of the two carbon atoms and, 
consequently, the predominant direction of the reaction depend both on the structure of the a -amino nitrile 
and on the nature of the organometallic reagent, a fundamental role being played by its nucleophilicity. The 
more nucleophilic organolithium compounds react  predominantly by route A [10, 13-15], while the more 
electrophilic organomagnesium compounds react  predominantly by route B [9-11]. The 4-cyano-4-dialkyl-  
aminopiperidines studied previously react  with Grignard compounds only by route B [2, 4] and with organo- 
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l i thium compounds only by route A [2]. To determine  the dependence of the d i rec t ion of the reac t ion  of the 
amino n i t r i les  (HI, IV) on the nature of the organomagnesium and organoli thium reagents ,  we studied the i r  
react ion with a number  of Gr ignard  reagents  (methyl-,  t e r t -bu ty l - ,  and phenylmagnesium halides) ,  methyl -  
and phenyll i thiums,  and li thium te t rahydroaluminate ,  and also sodium in liquid ammonia .  

Investigation of the reac t ion  products  by the GLC method showed that, con t r a ry  to l i t e ra tu re  s ta te -  
ments  [2, 4], the reac t ion  of the amino n i t r i les  (III, IV) with methylmagnesium iodide does not take place 
only by route  B, although the r ep l acemen t  of the ni t r i le  group by the alkyl group of the Grignard reagent  
does take place predominant ly .  The amino ni t r i le  (HI) fo rms  mainly 1 ,3 ,4- t r imethylpiper id ine  (V) (97~c) 
in admixture with the product  of the reduct ive rep lacement  of the cyano group by route C [4-dimethyl-  
amino- l ,3 -d imethylp lper idIne  (VI, 3%)]; and the amino ni t r i le  (IV) gives 1 ,2 ,4 ,5- te t ramethylpiper id ine  (VII, 
93.5%) in admixture with the product  of reduct ive substitution by route  C [4 -d ime thy lamino- l , 2 ,5 - t r i -  
methylpiper idine (VIII, 6 ~ ) ]  - and with the product  of reduct ion by route  A [4-ace ty l -4-d imethylamino-  
1 ,2 ,5- t r imethylpiper id ine  (IX, 0.3%)]. 

The reac t ion  of the amino n i t r i les  (III, IV) with te r t -bu ty lmagnes ium chlor ides  takes place comple te -  
ly d i f ferent ly .  Because of s t e r i c  effects ,  the rep lacement  of the cyano group by the rad ica l  of the Grignard 
reagent  in accordance  with route B proves  to be impossible in this case ,  because of which the reduct ive 
rep lacement  of the cyano group by route C takes place exclus ively ,  with the format ion of the aminopiper i -  
dines (VI) (99%)and (VIII) (100%). 

The react ion of phenylmagnesium bromide with the amino ni t r i le  (HI), like the react ion with its cyclo-  
hexane analog [13, 14] takes place with the predominant  format ion of the product  of r ep lacement  by route B 
[4-d imethylamino- l ,3-d imethyl -4-phenylp iper id ine  (X, 54~c) ], obtained in admixture with the product  of 
addition by route A [4-benzoyl -4-d imethylamino- l ,3 -d imethylp iper id ine  (XI, 33.8~)]. Similar ly ,  the amino 
ni t r i le  (IV) and phenylmagnesium bromide gave us a mixture  of 4 -d ime thy lamino- l , 2 ,5 - t r ime thy l -4 -pheny l -  
piperidine (XII, 72%) and 4 -benzoy l -4 -d imethy lamino- l ,2 ,5 - t r ime thy lp ipe r id ine  (XIII, 28%). 

In con t ras t  to these reac t ions ,  the reac t ion  of the amino ni t r i les  (III) and (IV) with the more  nucleo-  
philic phenyllithium, in ag reement  with the l i t e ra tu re  [16, 17], takes place mainly by route A and leads to 
the format ion f rom the amino ni t r i le  (III) of mainly the amino ketone (IX) (79~c) in admixture with the amine 
(X) (21%), and the amino ni t r i le  (IV), correspondingly ,  gave the amino ketone (XII1) (74%) in admixture with 
the amine (XII) (26~), formed like (X)with the rep lacement  of the cyano group by a phenyl group.  The main 
product  of the react ion of methyll i thium with the amino ni t r i le  (III) is 4 - ace ty l -4 -d ime thy l amino - l , 3 -d i -  
methylpiper idine (XIV, 73%), and with the amino ni tr i le  (IV) it is a mixture  of the amino ketone (IX) (89.2%), 
the amine (VII) (9.8~), and the product  of reduct ive substitution by route C - the amide (VII) (1%). 

In the IR spec t ra  of the amino ketones (XI and XIH) there  is an intense absorption band c h a r a c t e r -  
istic for  a benzene group at 1682 cm -1, and in the spec t ra  of thei r  aliphatic analogs (IX and XIV) the ab- 
sorption band of the carbonyl  of an acetyl  group is found at 1725 cm -1 [18]. If the hydrolys is  of the p rod -  
ucts of the react ion of the amino ni t r i les  (III) and (IV) with organoli thium compounds is pe r fo rmed  not in 
dilute hydrochlor ic  acid but with an aqueous solution of ammonia or  ammonium chlor ide,  the corresponding 
ket imines are  obtained. Thus, f rom the amino ni tr i le  (HI) and phenylli thium we obtained the corresponding 
ketimine [4-benzimidoyl -4-d imethylamino- l ,3-d imethylp iper id ine  (XV)]. 

In the react ion of the amino ni t r i les  (El, IV) with li thium te t rahydroaluminate ,  it was also possible to 
expect  the formation both of the product  of addition to the cyano group with the formation of an amino-  
methyl  derivat ive (route A), the product  of reduct ive dimerizat ion (route B), and also the product  of 
hydrogenolysis  with the splitting out of the cyano group and its r ep lacement  by a hydrogen atom (route C) 
[9, 10]. The main direct ion of the reac t ion  according to the l i t e ra tu re  [9, 10] in this case  depends on the 
s t ruc ture  of the s - a m i n o  n i t r i l e .  Under the action of lithium te t rahydroaluminate ,  the prev ious ly  de- 
scr ibed 4-cyano-4-dia lkylaminopiper id ines  undergo hydrogenolysis  by route C exc lus ive ly  with the fo rma-  
tion of 4-dialkylaminopiper idines  of the type of the amines (VI, VIII) [3, 5]. In con t ras t  to l i t e ra tu re  in- 
formation [3, 5], we have es tabl ished that the direct ion of the react ion of the amino n i t r i les  (III, IV) with 
lithium te t rahydroaluminate  depends not only on thei r  s t ruc ture  but, and p r imar i ly ,  on the conditions of 
per forming  the react ion ( tempera ture ,  ete .). Thus, for  example,  the amino ni t r i le  (HI) on being boiled with 
a suspension of lithium te t rahydroaluminate  (1:2) ,  reac ts  s imul taneously  in both possible direct ions,  but 
the hydrogenolysis  p rocess  is sharply  predominat ing.  At the same t ime,  the product  of reduct ive r ep lace -  
ment  by route C - the amine (VI) (87Yc) - is formed in admixture with the product  of addition to the cyano 
group by route A [4-aminomethyl -4-d imethylamino- l ,3 -d imethylp iper id ine  (XVI, 13~c)]. A reduct ion in 
t empera tu re  leads to an increase  in the ro le  of the react ion involving the reduction of the cyano group by 
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route A and to a d e c r e a s e  in the degree  of reduct ive  substi tut ion of the amino ni t r i le  (III) by route C.  At 
the same t ime,  the amino ni t r i le  (IV) r e a c t s  with l i thium te t rahydroa lumina te  (ratio of the r eac t an t s  1:2)  
at 0~ with the fo rmat ion  predominant ly  of the product  of hydrogenolys is  by route  C - the amine  (VIII) (68.8%). 

The reac t ion  of the amino ni t r i le  (IID ~.ith l i thium te t rahydroa lumina te  at a t e m p e r a t u r e  of -20~ 
takes  place with the fo rmat ion  of a mix tu re  of products  of addition by route A - the amine (XVI) (23~) - of 
reduct ive  dime r iz  at-ion by route B Ibis (4 -d ime thy lamino- l , 3 -d ime thy lp ipe  r id in-4-y l )  methylamine  (XVII, 
49.5%)] and of reduct ive  substi tution by route  C - the amine (VI) (26.7~c). The quantitat ive ra t io  of the 
amines  (VI), (XVI), and (XVII) depends on the t e m p e r a t u r e .  Thus, for  example ,  in the reduction of the 
amino ni t r i le  (lid at 0~ in the mix tu re  of products  f o rmed  the propor t ion  of the amines  (XVI) and (VI) 
r i s e s  and the re la t ive  amount  of the produc t  of reduct ive  d imer iza t ion  - the amine  (XVID - fa l l s .  

With the amino ni t r i le  (IV) as an example ,  we have shown that  the e l iminat ion of the cyano group with 
the aid of t e r t - b u t y l m a g n e s i u m  chlor ide  and l i thium te t rahydroa lumina te  can also read i ly  be effected by the 
action of a solution of sodium in liquid ammonia .  This  reac t ion ,  which is apparen t ly  s i m i l a r  in its nature  
to the decyanat ion of a - d i a l k y l a m i n o  n i t r i l es  by boiling them with sodium in toluene [19], leads to the 
fo rmat ion  of the amine (VIII)exclusively,  and is comple te ly  unaccompanied  by the d imer iza t ion  exchange ob-  
s e rved  by. Thies  e t  al .  [19] or by the reduct ion of the cyano group found p rev ious ly  in the reac t ion  of some 
a - d i a l k y l a m i n o  n i t r i l es  with sodium am a l gam in m o i s t  e the r  [20]. 

By means  of TLC and GLC we have es tab l i shed  that  all  the reac t ions  of the amino n i t r i l es  (III) and 
(IV) that  have been studied are  s t r i c t ly  s t e reospec i f i c  and take place with the format ion  of only one geo-  
m e t r i c  i s o m e r  of the product  of addition by route A or of the r e p l a c e m e n t  of the cyano group by routes  B 
and C.  

The spa t ia l  d i rec tedness  of the r e p l a c e m e n t  of the cyano group of an amino ni t r i le  (III) or  (IV) by the 
r ad ica l  of a Gr ignard  reagen t  by route B and the i r  reduct ive  r e p l a c e m e n t  by  route C during the i r  hyd ro -  
genolys is  accord ing  to the l i t e r a tu re  [9, 12, 13, 21-23], is connected with the m e c h a n i s m s  of these r e a c -  
t ions ,  According to the l i t e r a k t r e  sou rces  cited, the reac t ions  of a - d i a l k y l a m i n o  n i t r i l e s  with Gr ignard  
reagen ts  by routes  B and C and with l i thium te t rahydroa lumina te  by route C takes  place by an SN1 mono-  
m o l e c u l a r  nucleophil ic  subst i tut ion m e c h a n i s m  with the format ion  of an in te rmedia te  immonium cat ion.  
In these  c i r c u m s t a n c e s ,  a t tack  of the double bond of the immonium cation by the nucleophile takes  place 
p redominan t ly  f r o m  the l e s s  s t e r i c a l l y  h indered equa tor ia l  region [13], i .e . ,  analogously  to the at tack by a 
Gr ignard  reagen t  of the double bond of the carbonyl  group of s i x - m e m b e r e d  cycl ic  ketones [24, 25]. As a 
r e s u l t  of this spa t ia l  d i r ec tedness  of the r eac t ions ,  in the case  of the s t e r e o i s o m e r s  of 4 - t e r t - b u t y l - 4 -  
cyano- l -d i a lky laminocyc lohexane ,  r e g a r d l e s s  of the i r  configurat ions,  the main reac t ion  product  obtained 
is the cis  i s o m e r  of 4 - t e r t - b u t y l - l - d i a l k y l a m i n o c y c l o h e x a n e  with the equator ia l  or ientat ion of the enter ing  
subst i tuent  (H, R, C6H 5) and with an axial  d imethylamino group.*  

N -CN CH 3 C t l - - -  #CH 3 

cua/ ~ _ \  ~R,'7-\v_\ \ ~  _\ 
CH_~N :c"' C._.~N "c" C,---~N"C'3 

I l l  R=H; IV R = Ell a R '= I I ,  R, Esll s 

In a g r e e m e n t  with these  r e su l t s ,  the individual geome t r i c  i s o m e r s  of the aminopiper id ines  (V, VII, X, 
and XII) obtained f r o m  the amino n i t r i l e s  (III) and (IV) have a spat ia l  s t ruc tu re  with an axial  d imethylamino 
group and with the t r ans  posi t ion of the 3-CI-I 3 equa tor ia l  group in compounds (V) and (X) and of the 5-CH 3 
group in the i r  analogs (VII) and (XII), and equa tor ia l  4-CH 3 or  4-C6H 5 groups ,  which ag ree s  with conclu-  
sions given in the l i t e r a tu re  [22, 23, 26] on the spa t ia l  s t ruc tu re  of ca rbocyc l i c  analogs of compounds (VII) 
and (XII). In the i r  turn,  the r eac t ions  of the reduct ive  substi tution of the amino ni t r i le  (IV) by route C on 
reac t ion  with t e r t - b u t y l m a g n e s i u m  chlor ide ,  l i thium te t rahydroa lumina te ,  and sodium in liquid ammonia  
and the hydrogenolys i s  of the amino ni t r i le  (III) with l i thium te t rahydroa lumina te ,  which have s i m i l a r  m e c h -  
an i sms ,  should, because  of the s i m i l a r  na tu res  of the s t e r eod i r ec t ednes s  of the r eac t ions ,  lead to the 
fo rmat ion  of the g e o m e t r i c  i s o m e r s  of the amine (VI) f r o m  the amino ni t r i le  (Ill) and of the amine (VIII) 
f r o m  the amino ni t r i le  (IV), with an axial  d imethylamino group p re sen t  in the cis  posit ion re la t ive  to the 

*We shal l  de sc r i be  the de te rmina t ion  of the spa t ia l  s t r u c t u r e s  of the compounds obtained in a l a t e r  c o m -  
munica t ion .  
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3-CH~ group of the amino ni t r i le  (III) and to the 5-CH~ group 
of i ts  analog (IV). The p r e sence  in each  of the amino n i t r i l e s  
(IIl) and (IV) of two n i t rogen  a toms  favors  the appearance  in 
the react ion p r o c e s s  of cycl ic  t rans i t ion  complexes  of the 
chela te  type with the par t ic ipa t ion  of the me ta l  a tom of the 
organometaUic  compound and of the l i thium t e t r ahyd roa lu mi -  
nate, which explains the s t r i c t  s t e r eod i r ec t ednes s  of the r e a c -  
t ions of the r e p l a c e m e n t  of the cyano group by routes  B and C 
as c o m p a r e d  with the i r  ca rboeyc l i c  analogs .  

At the same t ime,  nucleophilic addition to the t r ip le  
bond of the ni t r i le  group of the amino n i t r i l es  (Ill) and (IV) by 
route A takes  place without the i r  ep imer iza t ion  and, because  
of this ,  leads l ikewise  to the format ion  of individual geomet r i c  
i s o m e r s  of the amino ketones  (IX, XI, XlII,  and XIV) or  of the 
p r i m a r y  amine (XVI) having the conf igurat ions  of the initial  
compounds [23]. According to the l i t e r a tu re  [27, 28] on the 
spat ia l  s t ruc tu re  of the ca rbocye l i c  a - a m i n o  n i t r i l e s ,  it is 
m o s t  l ikely that the amino n i t r i t es  (IID and (IV) have,  jus t  like 
these  compounds,  a configurat ion with an equator ia l  a r r a n g e -  
ment  of the d imethylamino group and an axial  or ienta t ion of 
the cyano group.  In this case ,  the amino ketones  (IX, XI, XIII,  
and XIV) mus t  be ass igned a spa t ia l  s t ruc tu re  with an axial  
acyl  group,  and the amine (XVI) the configurat ion with an axial  
aminomethy l  grouping p r e s e n t  in the eis  posi t ion re la t ive  to 
the neighboring 3- or  5-CH 3 group.  

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

Analyt ical  GLC was p e r f o r m e d  on an LKhM-7A chro -  
ma_tographwith a k a t h a r o m e t e r  de tec to r ,  a s t a in les s - s t ee l  
column (4 x 1000 mm) ,  with 10~c of polyethyleneglycol  (mol. 
wt.  10,000) on Celi te as the s t a t iona ry  phase and hel ium as the 
c a r r i e r  gas at a ra te  of flow of 60-62 m l / m i n ,  and at a t e m -  
pe ra tu re  of 150~ TLC was p e r f o r m e d  on pla tes  with non- 
fixed A1203 of act ivi ty grade  I I  in the diethyl e t h e r - p e t r o l e u m  
e ther  (3 : 1) sys t em,  the spots  being r evea led  with iodine vapor .  

The purif icat ion of the compounds synthes ized  was p e r -  
f o rmed  by p r e p a r a t i v e  separa t ion  of the components  of the r e -  
action mix tu res  on columns 1.5 m long and 15 m m  in d i ame te r  
filled with a lumina of act ivi ty grade  II using as eluents  p e t r o l e -  
um e ther  followed by mix tu res  of pe t ro leum e ther  with diethyl 
e the r  with gradual ly  increas ing  propor t ions  of the l a t t e r .  

4-C yano-4 -d ime thy lamino-1 ,3 -d ime thy lp ipe r id ine  {HI). 

o O  

? 

Gaseous  dimethylamine was pa s sed  into a solution of 15.4 g 
(0.1 mole) of 4 - c y a n o - l , 3 - d i m e t h y l p i p e r i d i n - 4 - o l  (I) [7] in 300 
ml  of methanol  until the inc rease  in the weight  was 13.5 g 
(0.3 mole) ,  a f te r  which the reac t ion  mix ture  was left  at  room 
t e m p e r a t u r e  for  three  days .  The methanol  was driven off in a 
gentle vacuum at  20~ and the oily res idue  was dist i l led.  This 
gave 15.93 g (88~) of the amino ni t r i le  (III) in the fo rm of a 
co lo r l e s s  oil with bp 68.5-69~ (2 mm);  n~ 1.4775; d~ ~ 0.9647. 
Found, %: C 66.6; H 10.5; N 23.4; MR D 53.13. CIoHIgN 3. Ca l -  
culated,  ~c: C 66.2; H 10.6; N 23.2; MR D 53.56. 

4-C yano -4 -d ime thy l amino -  1 ,2 ,5- t r imethylp iper id ine  (IV). 
This  was obtained in a s i m i l a r  manne r  to the amino ni t r i le  
(III). Yield 92~c. bp 79-82~ (1.5 mm);  n~ 1.4771; d~ ~ 0.9516. 
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Found, %: C 67.7; H 10.9; N 21.6; MR D 57.99. CiiH21N 3. Calculated, %: C 67.6; H 10.8; N 21.5; MR D 57.73. 

Reactions of 4-Cyano-4-dimethy!amino-!,3-dimethylpiperidine (Ill) and 4-Cyano-4-dimethylamino- 
1,2,5-trimethylpiperidine (IV).* With Methylmagnesium Iodide. A. With stirring, a solution of 5 g (0.03 
mole) of the amino nitrile (III) in I0 ml of dry ether was added over'l h to a solution of the methylmagnesi- 
urn iodide obtained from 2.7 g (0.1 g-atom) of magnesium and 15.6 g (0.1 mole) of methyl iodide in 50 ml 
of dry ether. The reaction mixture was heated at a gentle boil for 6 h, cooled to room temperature, and 
hydrolyzed with I00 ml of dilute (1 : I) hydrochloric acid. The ethereal layer was separated off and the 
acidic aqueous layer was boiled for 1 h, cooled to room temperature, neutralized and saturated with potas- 
sium carbonate, the oil that separated out was extracted with ether (3 x 50 ml), the ethereal extracts were 
dried with magnesium sulfate, and the ether was evaporated off, to give 3.8 g of an oily product containing, 
according to GLC, 97~c of 4-dimethylamino-l,3,4-trimethylpiperidine (V) and 3% of 4-dimethylamino-1,3- 
dimethylpiperidine (VI). After vacuum distillation, 3.1 g of the amine (V) and 0.6 g of the amine (VI) were 
obtained. For analysis, the amines obtained were purified on a chromatographic column of alumina using 
diethyl ether-petroleum ether (I :9) as eluent. 

B. The reaction of an ethereal solution of methylmagnesium iodide obtained from 3 g (0.11 g-atom) 
of magnesium and 17.5 g (0.37 mole) of methyl iodide in 100 ml of dry ether with an ethereal solution of 
5 g (0.03 mole) of the amino nitrile (IV) in 10 ml of dry ether, after the performance of the process and 
working up as described above, yielded 4.7 g of an oily substance containing, according to GLC, 93.8~c of 
4-dimethylamino-l,2,4,5-tetrame thylpiperidine (VII), 6 ~ of 4-dimethylamino-l,2,5-trimethylpiperidine 
(VIII), and 0.3% of 4-acetyl-4-dimethylamino-l,2,5-trimethylpiperidine (IX). Vacuum distillation yielded 
0.4 g of the amine (VIII) [picrate, mp 197-197.5~ (decomp., from 50~c ethanol)] and 4.2 g (89~c) of the 
amine (VII) [pierate, mp 210-211~ (from 70% ethanol)]. 

With Phenylmagnesium Bromide. A. The reaction of an ethereal solution of phenylmagnesium bro- 
mide obtained from 3.1 g (0.13 g-atom) of magnesium and 21.8 g (0.14 mole) of bromobenzene in 50 ml of 
dry ether with a solution of 5.0 g (0.03 mole) of the amino nitrile (Ill) in 10 ml of dry ether gave, after 
working up as described above, 8.7 g of an oily product which soon partially crystallized. After washing 
with ether, 4.3 g (54~c) of 4-dimethylamino-l,3-dimethyl-4-phenylpiperidine (X) was obtained; picrate, mp 
209-209.5~ (decomp., from 50% ethanol). Vacuum distillation of the filtrate yielded 1.0 g (12~c) of 1,3- 
dimethylpiperidin-4-one with bp 43-45~ (2 ram), n~ 1.4560; and 2.8 g (34%) of 4-benzoyl-4-dimethylamino- 
1,3-dimethylpiperidine (XI). 

B. The reaction of a solution of phenylmagnesinm bromide prepared from 6 g (0.25 g-atom of mag- 
nesium and 39 g (0.25 mole) of bromobenzene in 100 ml of dry ether with 10.2 g (0.06 mole) of the amino 
nitrile (IV) after the performance of the process and working up as described above, gave 6.8 g (76~) of 
4-dimethylamino-l,2,5-trimethyl-4-phenylpiperidine (XII), bp 123-124~ (4 ram); n~ 1.5360 [picrate, mp 
194-195~ (decomp., from 50% ethanol)], and 2.2 g (24%) of 4-benzoyl-4-dimethylamino-l,2,5-trimethyl- 
piperidine (XIII); picrate, mp 168-169~ (decomp., from 50% ethanol). 

With tert-Butylmagnestum Chloride. A. A solution of 5 g (0.03 mole) of the amino nitrile (Ill) in 10 
ml of dry ether was added dropwise to a solution of the tert-butylmagnesium chloride prepared from 2.9 g 
(0.1 g-atom) of magnesium and 11 g (0.12 mole) of tert-butyl chloride in 30 ml of dry ether. After the per- 
formance of the reaction and working up as described above, 4.9 g of an oily product was obtained which, 
according to GLC, contained 99~ of 4-dimethylamino-l,3-dimethylpiperidine (VI). After vacuum distilla- 
tion and purification on a chromatographic column containing/~1203, 4.7 g of the amine (VI) was obtained. 

B__~. The reaction of a solution of tert-butylmagnesium chloride prepared from 0.6 g (0.021 g-atom) 
of magnesium and 1.86 g (0.02 mole) of tert-butyl chloride in 30 ml of dry ether, with a solution of 2 g 
(0.015 mole) of the amino nitrile (IV) under the conditions of the preceding experiment, after working up 
as described above, gave 1.3 g of the amine (VIII) as the sole product according to GLC. After vacuum 
distillation, 1.1 g (65%) of the amine (VIII) was obtained with d148 0.8758; n~ 1.4660; MR D 53.86, calculated 
53.76. Picrate, rap 197-197.5~ (decomp., from 50% ethanol); a mixture with a sample of the picrate of 
the amine (VIII) from the preceding experiments gave no depression of the melting point. 

With Methyllithtum. A. The reaction of 5 g (0.03 mole) of the amino nitrile (lID with the methyl- 
lithium, obtained from 5 g (0.7 g-atom) of lithium and 61 g (0.4"3 mole) of methyl iodide in 100 ml of ether, 
after heating for 4 h at a gentle boil, cooling to room temperature, hydrolysis with 40 ml of dilute (1 �9 1) 

*The cha rac t e r i s t i c s  of the react ion products  are  given in Table 1. 
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hydrochlor ic  acid, and working up as desc r ibed  above, gave 3.9 g (73%) of 4 - a c e t y l - 4 - d i m e t h y l a m i n o - l , 3 -  
d imethylpiper idine  (XIV). 

B. The reac t ion  of a solution of methyl l i th ium p r e p a r e d  f r o m  1.7 g (024  g-a tom)  of l i thium and 17.5 
g (0.12 mole) of methyl  iodide in 50 ml  of dry  e the r  with 5 g (0.03 mole) of the amino ni t r i le  (IV) under  the 
conditions of the preceding  expe r imen t ,  a f te r  working up as desc r ibed  above,  gave 4.6 g of an oily product  
containing, accord ing  to GLC, 89% of the amino ketone (IX), 9.8% of the amine (VII), and 1.0% of the amine 
(VIII). Af ter  vacuum dist i l la t ion,  a th i rd  f rac t ion  yielded 4.4 g (80%) of the amino ketone (IX). 

With Phenyl l i th ium.  A. To a solution of phenyUithium obtained f rom 2.1 g (0.3 g -a tom)  of l i thium 
and 21.8 g (0.14 mole) of b romobenzene  in 100 ml  of d ry  e ther  was added 5 g (0.03 mole) of the amino 
ni t r i le  (HI). After  the p e r f o r m a n c e  of the reac t ion  and working up as desc r ibed  in the preceding  e x p e r i -  
ment ,  9.8 g of an oily substance  was  obtained which soon par t i a l ly  c ry s t a l l i z ed .  The c rys t a l l i ne  product  
was s e p a r a t e d  f rom the oil by washing with hexane on the f i l t e r .  This  gave 1.7 g (21%) of the amine (X), 
giving no depress ion  of the mel t ing point in admixture  with a sample  of the amine (X) obtained by the r e a c -  
tion of the amino ni t r i le  (III) with phenylmagnes ium b romide .  Af ter  vacuum dist i l la t ion,  the f i l t ra te  yielded 
8.1 g (80%) of the amino ketone (XD, which, a f te r  ch roma tog raphy  on a column of A1203, p roved  to be identi-  
ca l  with the product  obtained by the reac t ion  of the amino ni t r i le  (III) with phenylmagnes ium b romide .  

B_~. The s ame  amounts  of s t a r t ing  m a t e r i a l s ,  a f te r  hydro lys i s  with 50 m l  of a 26% aqueous ammonia  
solution, ex t rac t ion  with e the r ,  and the usual  working up, yielded 9.2 g (82~) of 4 - b e n z i m i d o y l - 4 - d i m e t h y l -  
amino - l , 3 -d ime thy lp ipe r id ine  (XV), which, a f t e r  being boi led with concent ra ted  hydrochlor ic  acid was con-  
ver ted  into the amino ketone (XIII), identical  with that  desc r ibed  in the p reced ing  e x p e r i m e n t s .  

C_~. A solution of 9.5 g (0.057 mole) of the amino ni t r i le  (IV) in 20 ml  of d ry  e ther  was added dropwise 
to a solution of phenyl l i thium p r e p a r e d  f rom 8 g (0.05 mole) of b romobenzene  and 0.7 g (0.1 g-a tom)  of 
l i thium in 100 ml  of d ry  e the r .  The reac t ion  mix ture  was heated  at a gentle boil  for  5 h and was hydrolyzed 
with 100 ml  of ice wa te r  and 20 ml  of concent ra ted  hydrochlor ic  acid with cooling.  The acid layer  was 
sepa ra t ed  off, the e the rea l  l ayer  was washed with water ,  and the combined aqueous ex t r ac t s  were  heated 
at 50~ fo r  4 h. The a c i d  solution was concent ra ted  in vacuum to one- th i rd  of its init ial  volume,  neu t ra l ized ,  
and sa tu ra ted  with caus t ic  soda, and the base  was ex t rac ted  with e the r .  After  the e l iminat ion of the solvent ,  
the res idue  was dis t i l led in vacuum, giving a v iscous  yellow oil which was s epa ra t ed  on a ch romatograph ic  
column of a lumina using isooctane and mix tu res  of isooctane and c h l o r o f o r m  as e luents .  This  gave 6.8 g 
(74%) of the amino ketone (XIII), bp 131-132~ (3 ram); n~  1.5358 and 2.3 g (26%) of the amine (XII) with 
mp 77-78~ (from hexane) which proved to be identical  with the s amples  of the amine (XII) obtained in the 
preceding  syn theses .  The p ic ra te ,  mp 168-169~ (from ethanol),  gave no depress ion  of the mel t ing  point in 
admixture  with a sample  of the s a m e  compound obtained f rom the amino ni t r i le  (IV) and phenylmagnes ium 
b romide .  The amine (XII) and the amino ketone (XIII) were  addit ionally pur i f ied on columns of A1203. 

With Li thium Te t r ahydroa lumina t e .  A. A solution of 5 g (0.03 mole) of the amino ni t r i le  (III) in 10 
ml  of d ry  e the r  was added to a suspension-o'f '0.4 g (0.06 mole) of l i thium te t rahydroa lumina te  in 30 m l  of 
d ry  e the r .  The mix tu re  was boiled mode ra t e ly  for  4 h, cooled to room t e m p e r a t u r e ,  hydro lyzed  with 40 ml  
of s a tu ra t ed  caust ic  potash  solution, and ex t r ac t ed  with 150 ml  of e the r .  The e the rea l  e x t r a c t s  were  dried 
with magnes ium sulfa te .  Af ter  the e the r  had been dis t i l led off, 5.1 g of an oily substance  containing~ ac -  
cording to GLC, 877c of the amine (V1) and 13~c of the amine (XV) was obtained.  Vacuum dist i l lat ion yielded 
3.3 g of the amine (VI), the p ic ra te  of which gave no depress ion  of the mel t ing  point in admixture  with a 
sample  of the p ic ra te  of the amine (VI) obtained in the preceding e x p e r i m e n t s .  

B__~. A solution of 5 g (0.03 mole) of the amino ni t r i le  (III) in 50 mI  of e the r  was slowly added to a s u s -  
pension of 0.4 g (0.06 g-a tom)  of l i thium aluminum hydride in d ry  e ther  cooled to -20~ The reac t ion  m i x -  
ture was s t i r r e d  at the s a m e  t e m p e r a t u r e  for  5 h and was then hydro lyzed  with 25 ml  of 20% caus t ic  soda.  
Af ter  working up as desc r ibed  in the preceding  exper iment ,  5.11 g of an oil was obtained which, according  
to GLC, contained 24.0% of 4 - a m i n o - 4 - d i m e t h y l a m i n o - l , 3 - d i m e t h y l p i p e r i d i n e  (XVI), 27.0~ of the amine (VI), 
and 44.5% of b i s (4 -d ime thy lamino- l , 3 -d ime thy lp ipe r id in -4_y l )me thy lamine  (XVII). Vacuum dis t i l la t ion 
gave the amine (VI) with bp 46-47~ (0.5 ram), the amine (XVI) [bp 82-82.5~ (1.5 ram); n~ 1.4923; d~ ~ 0.9383. 
Found, %: C 64.9; H 12.3; N 22.7; MR D 57.31. C10H23N3. Calculated,  ~ :  C 64.7; H 12.6; N 22.7; MR D 
57.19], and 0.9 g of the amine (XVII), bp 153-155~ (1.5 ram); n~ 1.5080. Found, ~ :  C 68.3; H 12.1; N 19.8. 
C20H43N 5. C~lculated,~c: C 67.9; H 12.37; N 19.8. For  additional purif icat ion,  the amines  (XVI) and (XVII) 
were  ch roma tog raphed  on a column of A1203. 
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C. With s t i r r ing ,  a solution of 5 g (0.03 mole) of the amino ni tr i le  (III) in 25 ml of e the r  was added 
over  50 rain to a suspension of 0.4 g of lithium te t rahydroaluminate  in 200 ml of dry  e the r  cooled to 0~ in 
such a way that the t empe ra tu r e  of the react ion mixture  did not r i se  above 0~ The mixture  was kept at 
0~ for  5 h, a f te r  which it  was hydrolyzed with 20 ml of 20% caustic soda, the e therea l  layer  was decanted 
f rom the pasty mass ,  which was washed with e ther  five more  t imes ,  and the e the rea l  ex t rac t s  were  com-  
bined. Disti l lat ion of the solvent  gave an oily res idue containing, according to GLC, 69.0~c of the amine 
(VI) and 31.0% of the amine (XVI). The separat ion of the amines (V1) and (XVI) was p e r fo rm ed  as de-  
sc r ibed  in the preceding exper iment .  

With Sodium in Liquid Ammonia.  In drops,  19.5 g (0.1 mole) of the amino ni t r i le  (IV) was added to a 
solution of 4.6 g (0 ~2 g-atom) of sodium in 250 ml of liquid ammonia cooled to -60~ and then, a f te r  20 
rain, 50 ml of anhydrous ethanol was added (to decompose the sodium amide).  The reac t ion  mixture  was 
left  overnight .  On the following day, 50 ml of wate r  was added and it was acidified with dilute hydrochlor ic  
acid (1 : 1). After  the el iminat ion of the ethanol in a gentle vacuum, the acid solution was twice ex t rac ted  
with e the r  to remove  neut ra l  products .  It was then sa tura ted  with caust ic  soda and again ex t rac ted  with 
e the r .  The solvent  was driven off and the res idue was dist i l led in vacuum to give 12.4 g (73~ of an oil 
which, according to GLC, contained 100% of the amine (VIID. P i c r a t e ,  mp 196-197~ (from 50~ ethanol).  
A mixtur~ with p icra tes  of samples  of the amine (VIII) obtained in the preceding exper iments  gave no de-  
p ress ion  of the melting point.  
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