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The p repara t ion  of 1 ,2 ,5 - t r ime thy l -4 -m- to lyp ipe r id in -4 -o l  and the isolat ion of th ree  of 
its d i a s t e r eo i somer s  a re  descr ibed .  The passage f rom this piperidinol to 2 ,5-d imethyl -  
4 -m- to ly lpyr id ine  has been effected.  Some der ivat ives  of the l a t t e r  compound have been 
obtained. 

Continuing work on the synthesis  and the study of the s t ruc tu re  of t e r t i a r y  7-p iper id inols ,  analogs 
of 1 ,2 ,5 - t r imethy l -4-phenylp iper id in -4-o l ,  the propionate of which is an effect ive anaesthet ic  ("promedol") 
[1], we turned to the prepara t ion  of the previous ly  undescr ibed 1 ,2 ,5 - t r ime thy l -4 -m- to ly lp ipe r id in -4 -o l  (I]). 
It was obtained by the usual method f rom 1 ,2 ,5- t r imethylp iper id in-4-one  (1) and m-tolyl l i th ium with a yield 
of more  than 70% in the f o r m  of a mixture  of d i a s t e r eo i somer s .  

By mult is tage c rys ta l l iza t ion  we isolated th ree  individual d i a s t e r eo i somers  of the piperidinol  II, de-  
signated as follows: o~ i somer  (mp 106-107~ fi i somer  (rap 116-116.5~ and ~/ i so m er  (rap 103-104~ 
These symbols  a re  connected with those for  the s t e r e o i s o m e r i c  ~ - ,  f i - ,  and T-1 ,2 ,5 - t r ime thy l -4 -pheny l -  
p iper id in -4-o l s ,  the s t ruc tu re  of which has been studied previous ly  [2, 3]. 

To answer  the quest ion of the spatial  s t ruc tu re  of the i so m er s  II, we used chromatographic  analysis 
and the i r  behavior  in acylat ion reac t ions .  These resu l t s  were  compared  with the analogous cha rac te r i s t i c s  
fo r  the i somer i c  1 ,2 ,5 - t r imethy l -4-phenylp iper id in-4-o l s .  

In the organoli thium synthesis  , the ~/ i so m er  of the piperidinol  II is formed in predominating amount; 
it  has the highest  chromatographic  mobil i ty (Rf 0.34). The t r ea tmen t  of this i somer  of the piperidinol II 
with propionyl chloride in benzene fo rms  the hydrochlor ide  of its propio~ate.  The T - i s o m e r  of 1,2,5,  
t r ime thy l -4 -pheny lp ipe r id ine -4 -o l  has the same (comparatively) chromatographic  mobili ty and s imi la r  be -  
havior  in the acylation reac t ion .  In the l a t t e r ,  the methyl  groups at C 2 and C 5 occupy the t r ans -equa to r i a l  
posit ion and the hydroxy group at C A the axial position. In view of these fac ts ,  the 7 i so m er  of the p ipe r i -  
dinol II may  be asc r ibed  the s t ruc tu re  of 1 ,2e ,5e - t r ime thy l -4e -m-  to ly lp iper id in-4-ol .  

H H m'EH3C6H4--~H$ 

H 3 c ~  "~NCM3 H 
The a i s o m e r  of the piperidinol (II) has the lowest  chromatographic  mobil i ty (Rf 0.18). Its t r ea tment  with 

proionyl  chlor ide in benzene leads to the precipi ta t ion of the hydroehlor ide  of this piperidinol ,  and the hy-  
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drochlor ide  of propionate  can be  i so la ted  f r o m  the benzene solut ion.  The ~ i s o m e r  of 1 , 2 , 5 - t r i m e t h y l - 4 -  
pheny lp iper id in -4-o l ,  which belongs to the s a m e  t r a n s - d i m e t h y l  (C 2 and C5) p iper id ine  s y s t e m  with the cis 
posi t ion of the a ry l  rad ica l  at C 4 and the methyl  group at C5, p o s s e s s e s  s i m i l a r  p r o p e r t i e s .  Consequently,  
the ~ i s o m e r  of the piper idinol  II m a y  be a sc r ibed  the s t ruc tu re  of 1 , 2 e - 5 e - t r i m e t h y l - 4 a - t o l y l p i p e r i d i n -  
4e-ol  or  1,2 a , 5a - t r ime thy1 -4e -m- to ly lp ipe r i  d in-4a-o l .  

~ 6 H 4 C H 3  " m  H m ~ -  ~ H O H  CH 3 . o - - ~ .  3 "'~"3'-'6 ~ - ~  
3 CH 3 

The fi i s o m e r  of the piper idinol  II  d i f fers  only s l ight ly  in i ts  ch romatograph ic  mobi l i ty  (Rf 0.31) 
f r o m  the y i s o m e r .  Acylation f o r m s  mainly  its e s t e r .  This i s o m e r  of the piper idinol  II  probaSly  has the 
s t r u c t u r e  o f 1,2e , 5 a - t r i m e t h y l - 4 a - m - t o l y p i p e r i d i n - 4 e - o l  or  i ts  convers i  on f o r m  - 1,2a , 5 e - t r i m e t h y l - 4 e -  
m - t o l y p i p e r i d i n - 4 a - o l ,  like the /3 i s o m e r  of 1 ,2 ,5 - t r ime thy l -4 -pheny lp ipe r id in -4 -o l .  

C 6 H 4 C H a - m  O H  , 

CN 3 FI 

The chromatographic separation of artificially prepared mixtures of the ~ and y and the ~ and fi 
isomers of the piperidinol II takes place clearly. But this is not the case for the y and fi isomers. In this 
respect, also, the isomeric piperidinols II are analogous to the isomeric 1,2,5-trimethyl-4-phenylpiperidin- 
4-ols. 

Steric factors proved to have a considerable influence on the yield of the ~, fi, and y isomers of the 
piperidinol rf in its synthesis from the piperidone I and m-tolyllithium. If it is considered that the initial 
piperidine I is represented mainly by the configuration with the trans-equatorial position of the methyl 
groups at C 2 and C5, the entry of the m-tolyl radical from the spatially less hindered side, i.e., from the 
peripheral side of the ring, is more probable. The greater yield of the y isomer of II and of the ~ and p 
isomers may also serve as an argument in favour of the structures ascribed to them above. 

In view of the structural similarity of the piperidinol II and of 1,2,5-trimethyl-4-phenylpiperidin-4-ol, 
the following remarks must be made. In a paper by A. F. Casy [4], the configuration and conformation of 
the hydrochloride of the propionates of the ~, fl, and 7 isomers of 1,2,5-trimethyl-4-phenylpiperidin-4-ol, 
which we studied previously [2, 3], are considered (provisionally). Conclusions drawn in this paper on the 
configurations of the esters of all three isomers and on the conformation of the ~/ isomer are in full har- 
mony with ours. Some apparent contradiction exists concerning the conformation of the oz and fi isomers. 
We must first bear in mind the fact that we are speaking of the conformation of piperidinols, and in the paper 
cited it is the conformation of the hydrochlorides of esters of these piperidinols that is discussed. Fur- 
theremore, in view of the lability of the conformers of compounds of the type under consideration the ex- 
perimental conditions under which their conformations were studied must be considered. 

In Casy's paper [4], a conformation with an equatorial phenyl group at C 4 was proposed for the ester 
of the fl isomer of l~2,5-trimethyl-4-phenylpiperidin-4-ol. Above, we have put forward two conversion 
formulas for the fi isomers of the piperidinol II (as for its phenyl analog), stating that the conformation 
with the equator ia l  a ry l  r ad ica l  i s ,  l ikewise ,  the m o r e  probable .  In view of the c lose  values  of the c h r o m a t o -  
graphic  mobi l i t i es  of the fi and ~/ i s o m e r s ,  it m a y  be  a s s u m e d  that in these  i s o m e r s  the hydroxy groups 
occupy analogous pos i t ions ,  i .e . ,  they a re  axial .  

The ~ i s o m e r  of 1 ,2 ,5 - t r ime thy l -4 -pheny lp ipe r id in -4 -y l  propionate  was a sc r ibed  a conformat ion  with 
an equa tor ia l  phenyl group by  Casy  [4]. F o r  the piper idinol  II  (as for  the phenyl analog),  while adopting the 
s a m e  configurat ion as Casy,  we have given two conformat ional  fo rmulas .  But it mus t  apparent ly  be con-  
s ide red  that  under  the conditions of ch rom a t o g raphy  the ~ i s o m e r s  of the p iper id inols  a r e  r e p r e s e n t e d  by 
conformat ions  with axial  a ry l  r a d i c a l s ,  and, consequent ly,  an equator ia l  hydroxy group.  This is shown by 
the i r  cons iderab le  lower  ch romatograph ic  mobi l i ty  as c o m p a r e d  with the fi and V i s o m e r s  in which the 
hydroxy groups are  axial .  
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TABLE 1. Ass ignment  of  the Bands in the IR Spect ra  of the D i a s t e r e o i s o m e r s  of 1 , 2 , 5 - T r i -  
methyl  -4  - m - t o l y l p i p e r i d i n - 4 - o l  

Nature  of the v ibra t ions  

Stretching v ibra t ions  of an OH group 
par t ic ipa t ing  in an i n t e rmo leeu l a r  
hydrogen bond of the p o l y m e r  type 

Stretching v ibra t ions  of the benzene r ing 

Nonplanar  deformat ion  v ibra t ions  of i so la ted  
a roma t i c  CH bonds 

Nonplanar  de format ion  v ibra t ions  of 
th ree  adjacent  a rom a t i c  CH bonds 

3230 

1608m 
1497m 

855w 

793s 
784s 
756s 
726s 

v ,  cm -i 

fl- ~/- 

3200 3200 
(s t rong b road  b a n ~  

1608m 1607m 
1500 1545w 

(shoulder) 1495w 
855w 855w 

797s 794s 
782s 770m 
725m 728s 

l i t e r a tu r e  
data [5] 

3400-3200 

1600-1580 
1500-1450 

900-860 

810-750s 
725-680m 

Table  1 gives f ea tu res  of the IR s p e c t r a  of the ~,  t3, and 7 i s o m e r s  of the piper idinol  II which 
c h a r a c t e r i z e  the i r  s t r u c t u r e s  [5]. A c o m p a r i s o n  of the IR s p e c t r a  in the nf ingerprint"  reg ion  of 1300-900 
cm -1 conf i rms  the ch romatograph ic  informat ion on the individuality of these i s o m e r s .  

Using a method developed in our  l a b o r a t o r y  [6], 1 , 2 , 5 - t r i m e t h y l - 4 - m - t o l y l p i p e r i d i n - 4 - o l  (ID was con- 
ve r t ed  into 2 ,5 -d i m e t hy l -4 -m - t o l y l py r i d i ne  (IV). 

~ o n  

%NJ-c"3 
I t I 
CH 3 Clt 3 CH 3 

I I I  I I I  

"~-F" ;I .ooc-~ .~ooc-~ 
K~N.~-- CH a ~ N  y - C O O n  L.~Nfl--COO%H5 

IV V V[ 

The dehydrat ion of the piper idinol  I I  by means  of hydrochlor ic  or  sulfur ic  acid gave a yield of about 
90% of 1 , 2 , 5 - t r i m e t h y l - 4 - m - t o l y l t e t r a h y d r o p y r i d i n e  (]I1) (the posi t ion of the double bond is shown p r o v i -  
s ional ly) .  By catalyt ic  dehydrogenat ion and N-demethyla t ion  on a type K-16 industr ia l  ca ta lys t ,  the III  was  
conver ted  into the pyr idine base  IV. 

2 ,5 -D ime thy l -4 -m- to ly lpy r id ine  was oxidized to the cor responding  t r ibas i c  acid - 4 - m - c a r b o x y -  
pheny lpyr id ine -2 ,5 -d ica rboxyl ic  acid (V) - the e s t e r i f i ca t ion  of which yielded i ts  ethyl e s t e r  VI. 

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

1 , 2 , 5 - T r i m e t h y l - 4 - m - t o l y l p i p e r i d i n - 4 - o l  (I~. At 0~ 77 g (550 mmoles )  of 1 ,2 ,5 - t r imethy lp iper td ln -  
4-one (]) was  added to the m- to ly l l i th ium p r e p a r e d  f r o m  10 g (1.43 g-a tom)  of l i thium and 122 g (715 mmoles )  
Of m - b r o m o t o l u e n e  in 300 ml  of absolute e the r .  The mix ture  was s t i r r e d  at r o o m  t e m p e r a t u r e  for  3 h and 
at the boiling point of the e ther  fo r  1 h. Then, with cooling,  100 ml  of wa t e r  and 100 ml  of 18% hydrochlor ic  
acid w e r e  added, followed b y  concent ra ted  hydrochlor ic  acid to give an acid reac t ion  to Congo Red. The 
aqueous l a y e r  was made  alkal ine with caus t ic  potash ,  and the organic  b a s e s  were  ex t rac ted  with e ther .  D i s -  
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t i l lat ion yielded 105.8 g of a mixture  of the d i a s t e r eo i somer i c  p[peridinols  II in the fo rm of a v e r y  viscous 
liquid with bp 141-145~ (1 mm) ,  the c rys ta l l iza t ion  of which (from n-heptane) yielded 93.5 g (73.5%) of 
c rys t a l s  of I[. The stepwise crys ta l l iza t ion  of these c rys t a l s  f r o m  n-heptane yielded the th ree  individual 
d i a s t e r eo i somer s  of II (described in o rde r  of isolation). The chromatographic  cha rac t e r i s t i c s  were  ob- 
tained on alumina of act ivi ty grade II using e t h e r - h e x a n e  (1:1). 

The ~/ I somer  of II. 51.3 g (89.2%), mp 103-104~ Rf 0.34. Found, %: C 77.03; 76.97; H 9.67; 9.70; 
N 6.03; 5.69. C15H23NO. Calculated, %: C 77.25; H 9.87; N 6.00. Hydrochlor tde:  mp 164-165~ (from 
m e t h a n o l - e t h y l  acetate) .  Found, %: N 5.25; 5.35; C1 13.14; 12.97. CisH23NO �9 HCI. Calculated, %: N 5.19; 
C1 13.17. 

The fi I somer  of II. 5 g (8.6%), mp 116-116.5~ Rf 0.31. Found, %: C 77.23; 77.05; H 9.71; .9.84; 
N 6.09; 5.82. 

The o~ I somer  of II. 1.5 g (2.2%), mp 106-107~ Rf 0.18. Found, %: C 77.12; 77.16; H 9.83; 10.04; 
N 5.89; 6.07. Hydrochlor ide:  mp 182-184~ (from m e t h a n o l - e t h y l  acetate) .  Found, %: N 4.96; 5.00; 
C1 13.07; 13.03. 

35.75 g (38.2%) of c rys ta l s  of a mixture  of the d i a s t e r eo i so m er s  of II was left. Mixtures of the i so-  
m e r i c  piper idinols  had the following rap 's :  7 and /3 80-83~ 7 and ~ 76-78~ fl and G 89-91~ 

When II was synthes ized  by the Grignard method using m- to ly lmagnes ium bromide ,  a mixture  of the 
same th ree  s t e r e o i s o m e r s  of II (according to th in - layer  chromatography) was obtained with a yield of 
79.8% on the I that had reached  and 21% on the amount taken init ially.  

1 ,2 ,5 -Tr imethy l -4 -p rop iony loxy-4-m- to ly lp ipe r id ine .  a) A mix ture  of 2 g (8.6 mmoles)  of the y 
i somer  of the piperidinol  II and 0.95 g (10 mmoles)  of propionylchlor ide  in 20 ml  of benzene was heated at 
a gentle boil  for  2 h, and then the benzene was dist i l led off. After drying and repea ted  t r i t t t ra t ion  with 
e the r ,  2.82 gof  so l i d r e s iduewas  obtained f rom which 0.01 g of the hydrochlor ide  of the propionate of the y 
i som e r  of the piperidinol  II, bp 188-190~ (from m e t h a n o l - e t h y l  acetate) was obtained. Found, %: N 4.19. 
C15~I27~O2 �9 HC1. Calculated,  %: N 4.30. A chromatographic  analysis  [A1203 of act ivi ty grade II, e t h e r -  
hexane (1:1)] of the substances isola ted f rom the alkaline solution (free bases) showed that they consis t  
of approximate ly  equal amounts of the initial piperidinol  (Rf 0.30) and its propionate (Rf 0.55). 

b) The reac t ion  was p e r f o r m e d  with 1.5 g (6.4 mmoles)  of the fi i somer  of the piperidinoI II, 0.72 g 
(7.8 mmoles)  of propionyl  chlor ide ,  and 15 ml of benzene.  The mix ture  was heated for  2 h, and the p r e -  
cipitate was separa ted  off.  This gave 1.3 g (62.2%) of the hydrochlor ide  of the propionate of the fl i somer  
of the piperidinol  II with mp 177-178~ (from m e t h a n o l - e t h y l  acetate) .  Found, %: N 4.31; 4.09; C1 10.49; 
10.53. ClsH27NO 2 �9 HC1. Calculated, %: N 4.30; C1 10.90. The f r ee  base  f ro m  the propionate had Rf 0.62 
(in the same sys tem) .  The mother  solution remaining af ter  the isolat ion of the hydrochlor ide  of the p r o -  
pionate contained a small  amount of the initial alcohol (according to chromatographic  analysis) .  

c) A mixture  of 0.5 g of the (~ i somer  of the piperidinol  II and 0.25 g of propionyl chlor ide  in 15 ml 
of benzene was heated for  2 h. The c rys ta l s  fo rmed  at the beginning of the exper iment  (0.12 g) consis ted 
of the hydrochlor ide  of the initial piperidinol ,  mp 185-186~ (no depress ion  of the melt ing point in a mix-  
ture  with an authentic sample) .  The benzene f i l t ra te  was evaporated.  F r o m  the res idue  (0.44 g), 0.06 g of 
the hydrochlor ide  of the propionate of the o~ i somer  of the piperidinol  II was obtained with mp 193-195~ 
(from m e t h a n o l - e t h y l  acetate);  a mixture  with the piperidinol  hydrochlor ide  mel ted with considerable  de-  
p re s s ion  (106-116~ The mother  solution contained the hydrochlor ide  of the initial piperidinol .  The f r ee  
base  f r om the propionate  had Rf 0.72 (same sys tem).  

In mix tu re  of the hydroehlor ides  of the propionates  of the var ious i somers  of the piperidinol  II, con-  
s iderable  depress ions  of the melt ing points were  observed  (the samples  mel ted in the range f ro m  105 to 
120oc). 

1,2,5-Trimethyl-4-m-tolyltetrahydropyr[dine (Ill). a) A mixture of 97.6 g (419 re_moles) of the 
piperidinol ]I (mixture of isomers) and 400 n~l of concentrated hydrochloric acid was boiled for 8 h. Then 
the acid was distilled off, and the residue was diluted with water, saturated with sodium carbonate, and heated 
for  1 h. The organic  bases  were  ex t rac ted  with e the r  and the ex t rac t  was dr ied and dist i l led.  This gave 
81.5 g (91.5%) of III, bp 131-132~ (3 mm); n~ 1.5426; d 2~ 0.962. Found, %: C 83.59; 83.67; H 9.91; 9.75; 
N 6.59; 6.29. MR D 70.41. ClsH21N. Calculated, %: C 83.72; H 9.77; N 6.51. MR D 69.55. Methiodide: mp 
180-181~ (from a mix ture  of methanol and ethylacetate) .  Found, %: N 3.75; 3.67. Cl~I24IN. Calculated,  
%: N 3.92. 
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b) A mixture  of 73.8 g (321 mmoles)  of the piperidinol ]I (mixture of i somers)  and 97.2 g of 80~o 
sulfur ic  acid was heated at 100~ for  4 h. The reac t ion  mixture  was t r ea ted  with 500 ml of wa te r ,  sa t -  
a ra ted  with sodium carbonate ,  and heated at 100~ for  an hour.  Then the organic bases  were  isolated in 
the usual way. This gave 50.8 g (75%) of ]]I, bp 119-121~ (2 mm) ; n~  1.5435. 

2 ,5 -Dimethy l -4 -m- to ly lpyr id ine  (IV). A solution of 37 g (170 mmoles)  of III in 100 ml of benzene was 
passed  at a constant  r a t e  over  type K- t6  ca ta lys t  for  3 h 30 rain. The t em p e ra tu r e  in the cata lys t  zone was 
380-390~ 8.8 l i t e r s  of gas (20~ 746 ram; CnHm+ 2 43T0, H 2 42To) was collected.  The condensate was 
dr ied  with granulated caust ic  potash.  On dist i l lat ion,  28 g of a f rac t ion  with bp 138-146~ (5 ram) was 
col lected,  and this was c rys ta l l i zed  f rom pe t ro leum e ther  (bp 40-60~ The piperidine IV fo rmed  co lor less  
c rys ta l s  with mp 40-41~ Found, ~o: C 85.12; 85.29; H 7.69; 7.83; N 6.84; 6.82. C14H15N. Calculated, ~o: 
C 85.28; H 7.61; N 7.10. P ic ra te :  mp 167-168~ (from ethanol). Found, %: N 13.09; 13.19. C14H15N �9 
C~H3NBOT. Calculated, %: N 13.14. 

4-m-Carboxyphenylpyridine-2,5-diearboxylie acid (IV). 48.12 g (306 mmoles) of potassium per- 
manganate was added in portions to i0 g (51 mmoles) of IV in 350 ml of water at 100~ The manganese 
dioxide was filtered from the hot reaction mixture, and it was then washed repeatedly with hot water and 
with ether. The aqueous layer was also extracted with ether. The ethereal extract yielded 0.67 g of the 
initial IV (pierate: mp 164-166~ The aqueous solution was evaporated to I00 ml and treated with dilute 
(I:i) sulfuric acid to neutrality. This yielded 9.4 g (64%) of V in the form of colorless crystals with mp 
270-271~ (from aqueous ethanol). Found, %: C 58.96; 58.65; II 3.30; 3.53; N 4.90; 4.75. CI4HsNO 6. Cal- 
culated, %: C 58.53; H 3.14; N 4.87. 

A mixture of 6 g (21 mmoles) of V, 54 ml of absolute ethanol, and 48 ml of concentrated sulfuric 
acid was boiled for 4 h. After the ethanol had been distilled off, the residue was treated with 30 ml of 
water and 50 ml of ether, and then sodium carbonate was added until the acid had been neutralized. The 
residue (4.7 g) obtained after the evaporation of the ethereal extract was crystallized from gasoline. This 
gave 3.45 g (44.5~ of 2,5-diethoxycarbonyl-4-m-ethoxyearbonylphenylpyridine (Vl) in the form of colorless 
crystals with rap 62-63~ Found, %: C 64.76; 64.93; H 5.31; 5.56; N 3.78; 3.50. C20H21NO ~. Calculated, %: 

C 64.69; H 5.65; N 3.77. 
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