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In o rde r  to study the in ter re la t ionship  between the s t ruc ture ,  react iv i ty ,  and spect roscopic  
c ha r a c t e r i s t i c s  of the s t e r eo i somer i c  piper idines ,  s tar t ing f rom 1 - t e r t - b u t y l - 3 - m e t h y l -  
p iper id in-4-one  the synthesis  has been pe r fo rmed  of the geomet r ic  i somers  of some 4- 
substi tuted 1 - t e r t -bu ty l -3 -me thy lp ipe r id in -4 -o l s  and 4 - a c y l o x y - l - t e r t - b u t y l - 3 - m e t h y l -  
p iper id ines .  The spatial  s t ruc tu res  of the compounds obtained have been de termined by 
IR and PMR spec t roscopy .  

In the investigation of the in ter re la t ionship  of the s t ruc ture ,  react iv i ty ,  and spec t roscopic  c h a r a c t e r -  
is t ics  of s t e r e o i s o m e r s  of 4-subst i tu ted p iper id in-4-o l s  and 4-acyloxypiper id ines ,  we were  faced with the 
necess i ty  of obtaining compounds of this c lass  containing a te r t -bu ty l  substi tuent  at the ni trogen atom of 
the piperidine ring, fixing the axial or ientat ion of the p-orb i ta l  of the e lec t rons  of the ni trogen atom. The 
p resen t  paper  desc r ibes  the synthesis  of a number  of compounds of this type - geometr ic  i somers  of 4- 
substi tuted 1 - t e r t -bu ty l -3 -me thy lp ipe r id in -4 -o l s  (II/3,~' - Vfl ,~) and of 4 - a c y l o x y - l - t e r t - b u t y l - 3 - m e t h y l -  
piperidines (VI/3,T - X/3,T) differing in the spatial  orientat ion of the substi tuent  R. 

R r  n~,t R'c n 3 ~ s  t c ,  u, -t 

lI-f--xv ll13--x~ 
R=I-I, HC~C, C~H~, C6H5; R'=OH, OCOCH3, OCOC6H5. 

As the s tar t ing mate r ia l  for  the prepara t ion  of the compounds under investigation we used 1 - t e r t -  
bu ty l -3-methylp iper id in-4-one  (I) [1]. In agreement  with information given by Mistryukov et  al. [2], the 
reduction of the hydrochlor ide  of the piperidinone with aluminum isopropoxide in isopropanol gave a 96% 
yield of a mixture  of s t e r e o i s o m e r s  of 1 - t e r t -bu ty l -3 -methy lp ipe r id in -4 -o l  (IIfl, y ,  R = H, R T = OH) con-  
raining, according to TLC, 61% of the i somer  (IIy) and 38~c of its ep imer  (IIfl). The individual secondary  
alcohols (II/3 ,~) were  obtained by the prepara t ive  chromatography of thei r  s t e r eo i somer i c  mixture  on 
columns of alumina.  For  the synthesis  of analogs of the alcohols (IIfl ,y) containing a t e r t i a r y  hydroxy 
group we used the ethynylation of the piperidinone (I) with sodium acetylide in liquid ammonia,  leading with 
a yield of 92% to a mixture  of s t e r e o i s o m e r s  of 1 - t e r t -bu ty l -4 -e thyny l -3 -methy lp ipe r id in -4 -o l  (IIIfi ,7'; 
R = HC-----C, R'  = OH). The chromatographic  separat ion of this mixture  showed that it contains 72~c of the 
geomet r ic  i somer  of the acetylenic alcohol (III/3) and 24% of its ep imer  (IIIy). By exhaustive catalyt ic  
hydrogenation in the p resence  of Raney nickel cata lyst ,  the acetylenic alcohols (IIIfi ,~) were  conver ted  into 
the geomet r ic  i somer s  of 1 - t e r t -bu ty l -4 -e thy l -3 -me thy lp ipe r id in -4 -o l  (IVfi ,~); R = C2H5, Rr = OH). fix 
geomet r ic  i somer  of 1 - t e r t -bu ty l -3 -me thy l -4 -pheny lp ipe r id in -4 -o l  (Vy; R = C6H5; R' = OH) was synthesized 
by the react ion of the piperidinone (I) with phenylli thium [3]. 
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The acetylation of the piperidinols (IIf , 7 - IVf  ,7) 
and (VT) with a mixture  of acet ic  anhydride and acetyl  
chloride gave the hydrocMorides  of the cor responding  
s t e r eo i so m er i c  acetates  (VI~,T-VIIIf ,T) and (IXT). The 
react ion of the s t e r eo i somer i c  piperidinols (IIf ,7) with 
benzoyl  chloride gave the s t e r eo i somer i c  4-benzoyloxy-  
1 - t e r t -bu ty l -3 -methy lp ipe r id ines  (Xf ,7) .  The p roper t i e s  
and yields of the compounds synthesized are given in 
Table 1. 

Judging f rom the resu l t s  of TLC, the es te r i f ica t ion  
of the s t e r e o i s o m e r s  of the alcohols (IIT-IVT) takes place 
more  rapidly and eas i ly  than that of compounds (lift -IV~ ), 
which, according to Mistryukov and Kucherov [4] shows 
the axial orientat ion of the hydroxy group in the alcohols 
(IIT-VT) and its equator ia l  position in the i somers  (IIfl- 
IVfl ). This conclusion concerning the spatial  orientat ion 
of the hydroxy groups of the piperidinols (IIf ,7 - IVf  ,7),  
in agreement  with l i t e ra ture  informatio~ [5-7], is also 
conf i rmed by the lower adsorption capaci ty and g r e a t e r  
R f  values of compounds (IIT-IVT) as compared  with their  
i somers  (IIf-IVfl) (Table 1), and also by the ch romato -  
graphic mobility of compounds (IIf1,7) on GLC [2]. 

To es tabl ish  the configurations of the s t e r eo i somer i e  
alcohols (IIIf ,7) and(IVfl,~/) and to conf i rm Mistryukov's  
conclusions [2, 3] on the spatial  s t ruc tu re  of compounds 
(IIf ,7) and (VT), we made use of the IR spec t ra  of the 
acetoxy and benzoyloxy der ivat ives  obtained f rom them 
(VI~ , 7 - X f  ,7) .  In the spec t ra  of the geometr ic  i somers  
of the aceta tes  (Vlfl-VliIfl ) and the benzoate (Xfi) in the 
region of the s t re tching vibrat ions of the C - O  bond of the 
acyloxy group at 1220-1280 cm -i there  is a singlet  sym-  
me t r i ca l  absorption band [8-12], which is the spec t ra l  
cha rac te r i s t i c  of the equator ia l  orientation of the acetoxy 
group of these compounds (Table 2). At the same t ime, 
the spec t ra  of the aceta tes  (VIT-IXT) and the benzoate 
(XT) are  cha rac t e r i zed  by the p resence  in the same r e -  
gion of two or  three absorption bands of s imi la r  f r e -  
quency (Table 2), which conf i rms the axial a r rangement  
of thei r  acetoxy and benzoyloxy groups.  The c h a r a c t e r -  
is t ics of the IR spec t ra  of the der iva t ives  (VI~ ,7 -X~ ,7) 
show the equator ia l  orientat ion of the hydroxy groups in 
the alcohols (IIfl-IVfl ) corresponding to them and, conse -  
quently, thei r  axial orientat ion in compounds ( I Iy-Vy) .  

We conf i rmed the spatial  configurations of the 
piperidinols (IIfl ,7) and thei r  acetoxy and benzoyloxy 
der ivat ives  WI~ ,7) and (X~ ,7) es tabl ished in this way by 
means of thei r  PMR spect ra ,  in which it was possible to 
identify the resonance signal of the 4-H proton deshielded 
by the neighboring hydroxyl  or  acyloxy group [13]. This 
signal, which is located in the 2.8-3.2-ppm-region (Table 3) 
can be cons idered  to a f i r s t  approximation as the X par t  
of an ABCX spin sys tem.  A measu remen t  of the width of 
this signal enabled the sum of i ts  s p i n -  spin coupling con-  
stants (SSCCs) with the vicinal protons in posit ions 3 and 
5 (J~4 and J45) to be de termined and by  means of them, the 
axial  or equator ia l  or ientat ion of the 4-H proton [14-17]. 
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TABLE 2. F requenc ies  of the Stretching Vibrat ions  of the C - O  Bonds 
of the Acetoxy and Benzoyloxy Groups in the IR Spec t ra  of the Aceta tes  
( V I f l , 7 - X f l , 7 )  and the Benzoates  (X/3,7) 

Compound 

vIv 
v1i~ 
vii? 

VllI[~ 
,VIIIy 

IXv 
X[3 
Xy 

Stretching vibrations, Uc. O, 
cm-1 

1235 
1225,1240 
1250 
1225,1245 
1250 
1220, 1255 
1230,1260,1270 
1280 
1250,1260,1275 

Orientation of 
acyloxygroup 

Conformation of 
:he molecule a 

le3e4a 
le3e4e 
le3e4a 
le3e4e 
le3e4a 
te3e4e 
le3e4e 
le3e4a 
le3e4e 

aThe or ientat ion of the subst i tuent  on the ni t rogen a tom,  of the 
group and of the 4-R subst i tuent  is shown. 

3-C H 3 

TABLE 3. Chemica l  Shifts and Widths of the Signals of the 4-H Proton 
in the PMR Spectra of the Stereoisomers of l-tert-Butyl-3-methyl- 
piperidin-4-ols (lip ,Y) and the Hydrochlorides of the 4-Acyloxy-l-tert- 
butyl-3-methylpiperidines (VIf1,7; X~ ,7) 

' I Width of signal (for Solvent 
Compound ~hemical shift 6, ppm extreme peaks), Hz 

Ily 
vl[~ 
vIy 
x~ 
x~ 

2,8 34 
3,2 14 
4,6 28 
4,9 l0 
4,9 29 
5,1 10 

CC14 
CC14 

CD3OD 
CD3OD 
CD3OD 
CD3OD 

In the case  of axial  or ientat ion,  the 4-H proton undergoes  diaxial  a n d a x i a l - e q u a t o r i a l c o u p l i n g  with the 3-H 
and 5-H pro tons .  Such a combinat ion of spl i t t ings leads to a proton signal with a width of 28-34 Hz, r e f l e c t -  
ing the sum of the SSCCs of the vicinal  protons  x j  = J3a4a + J4a~a + J4a~e [14-17]. In the case  of the equa-  
tor ia l  or ientat ion of the 4-H proton,  because  of the s m a l l e r  e q u a t o r i a l - a x i a l  and diequator ia l  couplings the 
sum of the SSCCs 2~J = J3a4e + J4e~a + J4ese p roves  to be cons iderab ly  s m a l l e r  and, cor responding  to it, 
the width of the signal of the 4-H proton should be of the o rde r  of 9-14 Hz [14-17]. 

In the PMR s pec t rum  of the i s o m e r  (IIfi), the s ignals  of the 4-H proton at 2.8 ppm fo rm a mul t ip!et  
with a width (between the e x t r e m e  peaks) of 34 Hz, which shows the axial  or ientat ion of the 4-H proton and 
the equa tor ia l  or ienta t ion of the 3-CH 3 group [14-17], In the spec t rum of the geomet r i c  i s o m e r  (IIT), the 
s ignal  of the 4-H proton also appea r s  In the f o r m  of a feebly reso lved  mul t ip le t  with a width of 14 Hz, 
which conf i rms  its equa tor ia l  or ientat ion [14-17], and is shifted downfield as c o m p a r e d  with the signal  of 
the 4-H proton In the i s o m e r  (IIfl), which is l ikewise c h a r a c t e r i s t i c  for  an equa tor ia l  proton [16]. 

In the s p e c t r a  of the ace ta tes  (VIfi ,7) and of the benzoates  (Xfi ,T), jus t  as in the i r  1 -methyl  analogs 
[12], the signal of the 4-H proton deshie lded by the neighboring acyloxy group is s t rongly  shifted in the 
downfield d i rec t ion  (4.6-5.1 ppm) (Table 3). In the case  of the aceta te  (VIfi) and the benzoate (Xfi), jus t  as 
for  the piper idinol  (IIfl), the s ignal  of the 4-H proton cons is t s  of a mul t ip le t  with a width of 28-29 Hz, 
which shows its axial  posi t ion.  In the s p e c t r a  of the geomet r i c  i s o m e r s  of the aceta te  (VIy) and the benzo-  
ate (Xy), the s ignal  of the 4-H proton cons i s t s  of a mul t ip le t  with a width of 10 Hz, which co r r e sponds  to 
the equa tor ia l  or ienta t ion of this proton.  In the PMR spec t r a  of compounds (VIy and Xy) ,  jus t  as in the i r  
1 -methy l  analogs [12], the 4-H signal  is shif ted downfield as c o m p a r e d  with the signal of this proton in 
e i ther  of compounds (VI~, Xfi), which is also c h a r a c t e r i s t i c  for  an equa tor ia l  proton [16]. 

It follows f rom the fea tu res  of the PMR spec t r a  that  the geomet r i c  i s o m e r s  of the piper idinol  (IIfl) 
and its acyloxy der iva t ives  (VIfi, Xfl ) have equa tor ia l ly  or iented  3-CH 3 and OH (or OCOR) groups and, con-  
sequently,  the t r ans  configurat ion re la t ive  to these subst i tuents .  In the i r  turn,  the i somer i c  alcohol (IIT) 
and i ts  acyloxy der iva t ives  (VIy, XT) a re  the i r  e p i m e r s  and have the cis  configurat ion re la t ive  to the equa-  
to r ia l  3-CH 3 group and the axial  hydroxy (or acyloxy) group.  

The PMR s p e c t r a  of the alcohols (III/~ ,7 ,  IV/3,7) and of the i r  ace ta tes  (VIIfi ,7 ,  VIIIfl ,7) a re  not 
suscept ib le  to f i r s t - o r d e r  ana lys i s ,  but the s i m i l a r  na tures  of the IR s p e c t r a  of the ace ta tes  (VI/3-VIIIfl) 
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and (VI3/-VIIIT) convincingly confirm the trans configuration of the alcohols (III/~, IVy) and their deriva- 
tives (VII/~, VIII/~), on the one hand, and the cis configuration of their isomers (IIIT, IVy) and their acyloxy 
derivatives (VII7, VIIIT) on the other hand. 

EXPERIMENTAL 

The ]~ spectra of the hydrochlorides were recorded on a UR-20 instrument in paraffin oil. The PMR 
spectra of solutions in CCl 4 and deuteromethanol with concentrations of about 20~c were measured on a 
CHARTS-60-1L instrument at a working frequency of 60 MHIz using TMS as internal standard. Thin-layer 
chromatography was performed on plates with nonfixed alumina of activity grade II using ether as solvent 
and iodine vapor as the chromogenie agent. 

Geometric Isomers of 1-tert-Butyl-3-methylpiperidin-4-ol (II/~ ,T). A mixture of 2.8 g (13 mmoles) 
of the hydrochloride of 1-tert-butyl-3-methylpiperidin-4-ol (I), 6 g of aluminum isopropoxide, and 38 ml 
of isopropanol was boiled for 3 h 30 rain, after which the reaction mixture was hydrolyzed with 25 ml of 
50% aqueous caustic potash. The organic layer was extracted with ether and the extract was dried with 
MgSO 4. Elimination of the solvent yielded 2.25 g (96~c) of a mixture of the stereoisomeric piperidinols 
(]]/3,7), which were subjected to preparative separation on a chromatographic column (diameter 28 ram, 
250 g of A1203 of activity grade II) using ether as the eluent. The first 16 portions of eluate (about 900 ml) 
yielded 1.37 g (61~c) of the isomer (II7), and the subsequent portions (about 700 ml) 0.85 g (38~c) of its 
epimer (II/3). 

Geometric Isomers of l-tert-Butyl-4-ethynyl-3-methylpiperidin-4-ol (IIIfl ,T). At -50~ with the 
continuous passage of acetylene, a solution of 5 g of the piperidinone (1) in 20 ml of dry ether was added 
over 20 min to a suspension of sodium acetylide in liquid ammonia (from 1.15 g of sodium and 250 ml of 
liquid ammonia). The reaction mixture was stirred with the simultaneous passage of acetylene for another 
6 h, after which it was left to stand for 15 h, during which time the temperature gradually rose to 18~ 
The reaction mixture was hydrolyzed with 20 ml of water, and it was then saturated with potassium carbon- 
ate and extracted with 200 ml of ether. The combined ethereal extracts were neutralized with dry carbon 
dioxide (to slight turbidity). After the elimination of the solvent, 5.3 g (927c) of a mixture of the stereo- 
isomers (III/~ ,T) was obtained, and this was separated on a chromatographic column (diameter 60 ram, 
530 g of AI203 of activity grade II) using chloroform as the eluent. The first 20 portions of eluate (about 
400 ml) gave 1.3 g (24%) of (III~), and the subsequent portions (about 900 ml) gave 3.8 g (72~) of its isomer 
(m~). 

l-tert-Butyl-4-ethyl-3-methylpiperidin-4-ols (IV/3 ,~). A solution of 1.5 g of the piperidinol (IIIT) in 
150 ml of anhydrous ethanol was hydrogenated in the presence of a Raney nickel catalyst. Hydrogenation 
ceased after the absorption of 350 ml of hydrogen. The solvent was distilled off, giving 1.35 g (88%) of the 
ethylpiperidinol (IVy). By a similar procedure, the acetylenic alcohol (III/3) yielded compound (IV/~). 

Hydrochlorides of the Stereoisomers of 4-Substituted 4-Acetoxy-l-tert-butyl-3-methylpiperidines 
(V~ ,T-IX/3 ,T), To 0.02 mole of geometric isomer of one of the plperidinols (If/3 ,T-V/3 ,T) was added a 
mixture of 0.2 mole of acetyl chloride and 0.2 mole of acetic anhydride, after which the mixture was boiled 
moderately at 100-110~ for 1-2 h. The completeness of the reaction was checked by means of thin-layer 
chromatography. The hydrochlorides were precipitated and washed with dry ether, and they were then re- 
crystallized from anhydrous ethanol. 

Hydroehlorides of the Stereoisomeric 4-Benzoyloxy-l-tert-butyl-3-methylpiperidines (X~ ,T)- A 
mixture of 0.01 mole of the piperidinol (IIT) and 0.04 mole of benzoyl chloride was boiled for about 1 h at 
II0-150~ The completion of the reaction was checked by means of thin-layer chromatography. The 
hydrochloride of the benzoate (XT) that deposited was washed with dry ether and was recrystallized to con- 
stant melting point from anhydrous ethanol, The benzoate (X/~) was obtained similarly from the piperidinol 
(II~). 
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