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S t e r e o i s o m e r s  of the co r r e  spondlng 4 - subs t i tu t ed  1 , 2 , 5 - t r ime thy l -4 - ace toxy -  and 1,2,5-  
t r ime thy l -4 -benzoxyp ipe r ld ines  were  obtained by acylat ion of the geomet r i ca l  i s o m e r s  of 1,2, 
5 - t r ime th y l -4 -p i pe r i do l  and i ts  4-e thynyl ,  4-e thyl ,  and 4 -phenyl - subs t i tu ted  der iva t ives .  The 
p r e f e r r e d  conformat ions  of the invest igated e s t e r s  were  e lucidated by means  of the PMR and 
IR spec t ra .  

Continuing our investigation of the in te r re la t ionship  between the s t r u c t u r e s  and reac t iv i t i e s  of s t e r e o -  
i s o m e r s  of substi tuted 1 ,2 ,5 - t r ime thy l -4 -p ipe r ido l s  (I-IV), we found it n e c e s s a r y  to a sce r t a in  the p r e f e r r e d  
conformat ions  of the i r  acetoxy and benzoxy der ivat ives .  With this end in mind, we undertook the synthes is  
of the geome t r i ca l  I s o m e r s  of some subst i tuted 1 ,2 ,5 - t r ime thy l -4 - ace toxy -  and 1 ,2 ,5 - t r ime thy l -4 -benzoxy-  
p iper ld ines  (Vfl, T -XI I  fl, y) and e lucidated the i r  p r e f e r r e d  conformat ions  in solutions.  

R ~  H3 R'OCO~H3 
A C 

11 It 

OCOR' D CI13 

Y- Isomers [3- Isomers 
V R H R' CH ' ' ~,Y = ,, = 3; VI$,y R=HC~---C, R =CH3; VIIl3,y R=C2Hs, R =CH3; VlIIt3,y 
R=C6Hs, R =CHa; IXI3,y R=H, R'=C6H~; XLB,y R=HC~C R'=C~Hs" Xly R=C2Hs 

R =C6H5; XIIy R=C6Hs, R =C6Hs. 

The p rev ious ly  descr ibed  [1-4] geomet r i ca l  i s o m e r s  of 1 ,2 ,5 - t r ime thy l -4 -p ipe r ido l  (Ifi,T) and its 4 -  
ethynyl (IIfl,T), 4 -e thyl  (IIIfl ,y),  and 4-phenyl  (IVfl, T) der iva t ives  * we re  used  as the s ta r t ing  m a t e r i a l s  for  
the synthesis  of e s t e r s  Vf l , y -XI~ ,  y .  

*In [1] the geomet r i ca l  i s o m e r s  of Ifl,T were  designated as the a and fi i s o m e r s ,  respec t ive ly ,  while IVfl 
was  designated as the a i s o m e r  in [4]. 
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TABLE 1. Geometrical  I somers  of 4-Substi tuted 1 ,2 ,5-Tr imethyl -  
4-acyloxypiperidines  and Their  Analogs 

Rx,~ COR' 

I Cl-I~ 

Com ~ 
pound 

Vy 
Vf~ 

VIu 
VIIy 
Vli~ 

vIH~ 
ixy 
xIu 

XVIII 
XIX 

H 
C~CH 
C~Hs 
C6H5 
H 

C 2 H ~  

R' R" rflp, ~ 

245--247 
CHs CH~ 168--169 
CH~ t CH3 209,5--210 
CH~ / CH3 171--172 

175--176,5 
CH3 I CH3 153,5--154,5 
C6Hs 1 CHs 149--150 
C6Hs t CH~ 191--192 
C6H~ t H 176--177 
C6Hs I H 156--157 

Empirical formula 

CIoHIgN02 �9 HCI 
C~2H~gNO2 �9 HCI 
C,2H23NO~ �9 HCI 
CI6H2~NO2. HC1 
C~H21NO~. HCI* 
CITH~NO2 �9 HCI 
CIsHITNO2 �9 HC1 T 
CtsH21NOz" HCl$ 

Found, ! Cal( 

54,l 9,0 
53,9 19,1 54,~ 
58,418,2 58,6 
57,7 19,3 57,7 
57.8 (9,3 
64,6 8,1 64,5 

I - -  

9,1 65 
90 

8,2 48 
9,7 67 

52 
8,1 46 

8,4 64 
- -  79 
- -  8 0  

*Found: C1 12.3; N 4.8%. Calculated: C1 12.5; N 5.0%. 
Found: C1 12.7; N 5.0%. Calculated: C1 12.7; N 5.0%. 

$ Found: C1 12.6; N 5.0%. Calculated: C1 12.5; N 4.9%. 

In conformity with the configuration of the s tar t ing 4-piper idols  (Ifi, 7-IVfl, y) [5, 6], the investigated 
compounds (V-XII) are divided into two configurative ser ies  (the fi a n d y  isomers)  as a function of the th ree-  
dimensional orientation of the substituents in the 4 and 5 positions of the piperidine ring. The acyloxy group 
in geometr ical  i somers  VT-XIIy is in the cis position with respect  to the adjacent methyl group but in the 
t rans  position relative to the same substituent in i somers  Vfl-Xfl [5, 6]. 

The previously  undescr ibed s t e reo i somer ic  acetates  (Vfi, 7, VIT~ VIIfi, y ,  and VIIIfl) and benzoates 
(IXT and XIT) were obtained as the hydrochlor ides  by acetylation of piperidol bases  I-IV with acetic anhy- 
dride or  a mixture of acetic anhydride and acetyl chloride and, respectively,  by benzoylation with benzoyl 
chloride. The use of a mixture of anhydride and acetyl chloride for the acetylation makes it possible to 
lower the react ion t empera tu re  f rom 120-130 ~ to 60-70 ~ , shorten the reaction time, and obtaIn pure r  es ters .  
Using a s imi lar  route, we obtained the previously  descr ibed VIfl [2], VIIIy [4], IXfi [1], Xfl, y [2, 7], and 
XIIy [8] that were also neces sa ry  for  our investigation. In this case,  it was qualitatively noted that acetates  
V y - V I I I y  and benzoates IX7 -XIIy  are formed more  rapidly and more readily than their  s t e reo i somers  
(Vfi-Xfl); this attests to the more facile es ter i f icat ion of the axially oriented hydroxyl group of the s tar t ing 
4-piper idols  ( Iy-IVy)  as compared  with the equatorial  hydroxyl group of Ifl-IVp. 

We were unable to accomplish the benzoylation of IIIfi and IVfl, since rais ing the react ion tempera ture  
and increasing the reaction t ime lead to the formation of products of the substitution of the hydroxyl group 
by chlorine or  products of their  dehydrochlorination. Benzoylation of 1-methyl -4-piper ide l  (XIII) [9], 1- 
methyl -4-e thynyl-4-piper tdol  (XIV) [10], and 1-methy l -4 -e thy l - (XV)  [10] and 1-methy l -4 -phenyl -4-  
piperidols (XV1) [11] gave 4-subst i tu ted 1-methyl-4-benzoxypiper idines  XVII-XX, which we used as model 
compounds. Benzoates XVII and XX were previously descr ibed in [9, 12], respectively.  The proper t ies  
and yields of the new acyloxypiperidines are presented in Table 1. 

The configurations of Vfi, 7-XIIfi ,  Y are unambiguously predetermined by the three-d imens ional  s t ruc -  
tures  of the s tar t ing piperidols (Ifi, 7-IVfi,7), which were  established in [5, 6], since the acylation of the 
hydroxyl group proceeds  without involvement of the asymmet r ica l  center  and inversion of the t h r ee -d imen-  
sional configuration in the 4 position of the piperidine ring. At the same time, the p r e f e r r ed  conformations 
of the investigated es te r s  in solutions may differ substantially f rom the conformations of the start ing 
piperidols (Ifi, 7-IVfi, Y) because of the difference in the conformational energy (--AG ~ of the OH and OCOR' 
groups [13] and the associa ted possibil i ty of a shift in the conformational  equilibria (A ~ B and C ~ D) to 
favor conformers  B and C. This sor t  of shift of the conformational  equilibria as a result  of part ial  or c o m -  
plete conversion of the ring of conformer  A seemed most  likely for es te r s  of piperidol Iy (acetate V7 and 
benzoate IXy) ,  which we also studied in greates t  detail by means of the PMR and IR spectra.  
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TABLE 2. Chemical Shifts and Width of the Signal of the 4-H 
Proton in the PMR Spectra  of S t e r e o i s o m e r s  of 4-Subst i tuted 
4-Acycloxypipe ridine s 

Compound Chemical shift, Signal width With 
respect to the out- Solvent 

ppm fide peaks, Hz 

Vy 

v~ 

IXy 

IXI3 

XVII 

5,0 
5,0 
4,2 
4,4 
5,05 
5,05 
5,01 
4,6 
4,95 

8,0 
8,0 

26,0 
25,5 
20,0 
20,5 
19,5 
25,5 
25,0 

CDCI8 
CDsOD 
CC14 
CDCIs 
CDCI3 
C6Hs 
CD3OD 
CDCI3 

CDCI3 

TABLE 3. Vibrat ional  Frequenc ies  of the C - O  Bonds of 
Acetoxy and Benzoxy Groups in the IR Spect ra  of Acetates  V-XII  
and Benzoates  XVII-XX 

Orientation of Molecular con- 
Compound re_o, era-1 the acyloxy group formation* 

v~ 
Vy 

Vlf~ 
Vly 

VII~ 
VIIy 

VlII~ 
V11lv 

IX~ 
IXy 
x~ 
xy 

xIy 
xIIy 

xvII 
xvIII 

xIx 
xx 

1250 
1243, 1253 

1240 
1232, 1243, 1253 

1258 
1236, 1257 

1240~ 
1225, 1235t 

1280 $ 
1280 $ 
1280 

1265, 1275 
1255, 1285 
1240, 1285 

1280 
1290 

1280, 1290 
1280, 1295 

e 2e4a5e 
a 2e4e5e 
e 2e4a5e 

2e4e5e 
e 2e4a5e 
a 2e4e5e 
e 2 e 4 a 5 e  
a 2e4e5e 
e 2e4a5e 
e 2a4a5a 
e 2e4aSe 
a 2e4e5e 
a 2e4e5e 
a 2e4e5e 
e 4a 
e 4a 
a 4e 
a 4e 

*The orientations of the CH 3 groups in the 2 and 5 positions and of 
substituent R in the 4 position of the piperidine ring are  indicated. 
t Spectrum of the hydrochloride in KBr pellets. 
$ Spectrum of a thin layer  of the base. 

In the PMR spect ra  of V/3, y and IXfl, y ,  the signal of the 4-H proton, which is deshielded by the ad- 
jacent acyloxy group, is markedly  shifted to weak field (4.2-5 ppm) (Table 2) and can therefore  to a f i rs t  
approximation be regarded as the X part  of the ABCX system. The 4-H signal at 4.2 ppm in the P1VLR spec-  
t rum of acetate Vfi is a sextet with a width (with respect  to the outside peaks) of 26 Hz (Table 2); this at tests  
to its axial orientation. It is p rec ise ly  in this case that the sum of the constants of the vieinal s p i n - s p i n  
coupling of the 4-I t  proton with the adjacent 3-H and 5-H protons (ZJ =2Jan +Jae) should be 25-30 Hz (as- 
suming J a a  ~- 10-12 Hz and Jae ~ 3-5 Hz) [14, 15]. In contrast  to this expectation, the 4-H signal in the 
spectrum of i somer ic  acetate Vy appears as a weakly resolved multiplet with a width of 8 Hz. F r o m  this, 
it was concluded that this proton is equatorially oriented (since ZJ  =2Jae +Jee  ~ 8 Hz in this ease) and 
that V/3 and Vy are ep imers  with respect  to C(4 ) of the piperidine ring. The signal of the 4-H proton in the 
spect rum of Vy is shifted to weak field as compared with the signal of this proton in the spect rum of Vp; 
this is also charac te r i s t i c  for an equatorial proton [14]. Thus it follows f rom the PMR spect ra  that the 
molecules of acetates  V~, y in solutions do not undergo the A -* B and C ~  D conversions and consequently 
have the same p re f e r r ed  conformation as in the start ing secondary alcohols (Ifi,T). The A - -  B conversion 
is also unlikely for acetates VIy -VI I Iy ,  for  which the A conformer  is addit ionally stabilized by the equatorial  
orientation of substituent R. In geomet r ica l  i somers  of acetates VIfl-VIIIfl, the existence of the C - - D  con- 
version and of p re fe r r ed  conformation D might have been expected only for VIIIfl. 

As it turned out, A-* B conversions are also absent for V I y - V I I I y ,  and C--D conversion is absent 
for their  geometr ica l  i somers  (VI fl-VIIIfi), which is confirmed by the IR spec t ra  (Table 3). Acetates Vfl- 
VIII/3 have a unique symmetr ica l  absorption band in the region of the stretching vibrations of the C - O  bond 
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(1200-1260 cm-1); according to [16-18], this  is evidence for  an equator ia l  or ientat ion of the acetoxy group of 
these  compounds and t h e i r  exis tence p r i m a r i l y  as: C confo rmers .  At the same  t ime,  the spec t r a  of the 
e p i m e r i c  ace ta tes  (VT-VII I7)  a re  c h a r a c t e r i z e d  by the p r e sence  of two or three  c lo se - in - f r equency  ab so rp -  
tion bands in the same region of the spec t rum (Table 3). 

This sor t  of c h a r a c t e r  of the spec t rum,  which is a ssoc ia ted  with the axial or ientat ion of the acetoxy 
group [16-18] of these  compounds and the exis tence of p r i m a r i l y  A c o n f o r m e r s  in solutions,  is explained by 
the fact  that  in r o t a m e r s  of the A type, rotat ion of the axial acetoxy group is r e s t r a i n e d  owing to i ts  s t e r i c  
in teract ion with the axial 2-H and 6-H protons ,  which leads  to the exis tence of s eve ra l  r o t a m e r s  s imu l -  
taneously.  

In the PMR spec t rum of benzoate IXfi, as in the spec t rum of acetate Vfi, the signal of the 4-H proton 
appea r s  as a sexte t  with a width of 25.5 Hz at 6 4.6 ppm (Table 2); this  indicates that  it is axial ly  or iented 
[14, 15]. The signal of this proton is shifted to weak field by 0.2 ppm as compa red  with the signal of the 4 -H 
proton of aceta te  Vfl, apparent ly  because  of the g r e a t e r  deshielding effect  of the benzoxy group as comp a red  
with the acetoxy group. At the same  t ime,  it is shif ted to s t rong field by 0.35 ppm as compared  with the 
signal of the 4-H proton in the PMR spec t rum of benzoate XVII; this  may be explained by the shie ld ing effect  
of the methyl  groups in benzoate IXfi. 

The signal of the 4-H proton in the PMR spec t rum of benzoate IX7 is shifted to weak field as c o m -  
pa red  with the 4 -H signal of i s o m e r  IXfi, but its width, which re f lec t s  the sum of the vicinal  s p i n - s p i n  
coupling constants  (~J) ,  is 19.5-20.5 Hz (Table 2) in all of the invest igated solvents  r a the r  than 8 Hz as in 
the cor responding  acetate  (VT). This  sor t  of width of the mult iplet  of the 4-H signal in the spec t rum of IX 7 
can occur  only for  an axial or ientat ion of this proton [14, 15]; this  a t tes ts  to convers ion  of the r ing and to 
the exis tence in solutions of benzoate IX7 of the conformat ion equi l ibr ium A ~ B ,  which is shif ted marked ly  
to favor  c o n f o r m e r  B. The shift of the signal of the 4 -H proton in IX7 to weak field as compa red  with the 
4-H signal of i ts  i s o m e r  (IXfi) is apparent ly  assoc ia ted  with the anisot ropy of the magnet ic  suscept ib i l i ty  of 
the axial 2-CH 3 group of the B con fo rmer  of IXT. The shift of the A ~ B  conformat ional  equi l ibr ium in 
solutions of benzoate IX 7 to*favor con fo rmer  B because  of convers ion  of the r ing s e e m s  somewhat  unex-  
pected,  since,  in this case ,  two CH 3 groups prove  to be s imul taneous ly  in the axial  position. In connection 
with the fact  that this sor t  of orientat ion may  prove  to be energ ica l ly  unfavorable,  one cannot exclude the 
poss ib i l i ty  of the exis tence of benzoate IX7 in a different conformat ion,  for  example ,  in the fo rm of a d i s -  
t o r t ed  chair .  As far  as benzoates  X I 7 ,  XII7,  XIX, and XX are concerned,  the exis tence in solutions of 
them of p r e f e r r e d  c o n f o r m e r s  B because  of r ing convers ion  A C B  is unIikely, since the advantageousness  
of c o n f o r m e r s  A additionally i nc rea se s  owing to the equator ia l  orientat ion of the bulky C2H 5 and C6H 5 groups.  
This is conf i rmed by the i r  IR spec t ra .  The l i t e ra tu re  does not contain any data on the poss ib i l i ty  of the use 
of d i f ferences  in the c h a r a c t e r  of the absorpt ion bands of the s t re tching v ibra t ions  of the C - O  bond of the 
benzoxy group in the 1200-1300 cm -1 region for  es tabl i sh ing its t h ree -d imens iona l  or ientat ion in molecu les  
of s t e r e o i s o m e r i c  benzoates  of the IXfl, 7,  Xf i ,y ,  XIT, and XII 7 type. Never the less ,  we obse rved  a definite 
analogy in the difference in the IR s pec t r a  of s t e r e o i s o m e r s  of ace ta tes  Vfl, 7-VIII f i ,  7 and benzoates  IXfi, 
7 and Xfi, 7 �9 A complex  mult iplet  absorpt ion band at 1240-1290 cm -1 is obse rved  in the spec t r a  of benzo-  
ates  XT-XIIT and the i r  analogs (XIX and XX); in analogy with [16-18], this  is apparent ly  a consequence of 
the axial  or ientat ion of the benzoxy group of these  compounds.  In cont ras t  to the la t te r ,  the IR spec t r a  of 
benzoates  IXfl, X/3, XVII, and XVIII contain a single s y m m e t r i c a l  absorpt ion band of the C - O  bond, which, 
in analogy with [16-18], co r r e sponds  to an equator ia l  or ientat ion of the benzoxy group. 

One can expect  a substant ia l  contr ibution of c o n f o r m e r s  B and D to conformat ional  equi l ibr ia  A C B  
and C ~-D for  the benzoates  Xfi, 7 and XVIII obtained f r o m  4-e thyny l -4 -p ipe r ido l s  I l f l ,7 and XIV, since the 
conformat ional  ene rgy  of the ethynyl group is low (0.18 kca l /mo le  [19]). The PMR spec t r a  of these  c o m -  
pounds do not provide an answer  to this question, since analys is  of the s ignals  f rom the r ing protons  is 
difficult. Two bands are  obse rved  at 1240-1270 cm -1 in the IR spec t rum of benzoate XT; this most  l ikely 
is evidence for  an axial  or ientat ion of the benzoxy group and for  the existence of p r e f e r r e d  c o n f o r m e r  A in 
solutions of X y .  However ,  these data cannot yet be cons idered  as definitive p roof ' o f  the conformat ion  of 
benzoates  Xfi, "/, XI7,  XIIT and the i r  analogs (XVIII-XX), and the p rob lem of the p r e f e r r e d  conformat ion 
of these  compounds r equ i r e s  additional investigation. 

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

The IR spe c t r a  of 0.03 M solutions of the bases  in CC14 were  r eco rded  with a UR-20 s p e c t r o m e t e r .  
The IR spec t r a  of the hydrochlor ides  were  obtained f rom mine ra l  oil suspensions  and KBr  pel le ts .  The 

�9 L. B. Vinberg and A. I. Lutsyka par t ic ipa ted  in the exper imenta l  work. 
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PMR spec t ra  were  measured  with a CHART S-60-IL spec t rome te r  with an operating frequency of 60 MHz 
with te t ramethyls i lane  as the internal  standard. 

Hydrochlor ides  of the S te reo l somers  of 4-Substi tuted 1 ,2 ,5-Tr imethyl -4-ace toxypiper id ines  (Vfi, 7 -  
VIIIfi, %, ) (Table 1). A mixture of 0.028 mole of acetyl chloride and 0.028 mole of acet ic  anhydride was 
added to a solution of 0.014 mole of the s t e r eo l somer i c  piperidols  (Ifi ,T-IVfi, 7) in 30 ml of dry  benzene, 
and the mixture  was ref luxed modera te ly  for  1-4 h. The end of the react ion was moni tored by means of 
th in - layer  chromatography.  The prec ip i ta ted  acetate hydrochlor ide  c rys ta l s  were  removed  by fi l tration, 
washed with dry  e ther ,  and r ec rys t a l l i zed  f rom ace tone-a lcoho l .  

_Hydrochlorides of 4-Substi tuted 1 ,2 ,5-Tr imethyl -4-benzoxypiper id ines  (IXp, ~/-XII fl, ~/) and The i r  
Analogs (XVII-XX) (Table 1). A 0.06-mole sample of benzoyl chloride was added to a solution of 0.023 
mole of piperidols  Ifi, y-IVfl,~/ and XIII-XVI in 40 ml of dry benzene,  and the mixture was refluxed 
modera te ly  for  2-2.5 h. The end of the react ion was moni tored by means of th in - l aye r  chromatography.  
The benzene was removed  by distillation, and the crys ta l l ine  prec ip i ta ted  benzoate hydrochlor ides  were  
r ec rys t a l l i zed  f rom ace tone-e thanol .  
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