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The IR and UV s p e c t r a  of s t e r e o i s o m e r i c  p iper id ines  and decahydroquinol ines were  studied, 
and it was  shown that the spec t r a l  c h a r a c t e r i s t i c s  ( intensi ty of the long-wavelength "Bohlman" 
band of the C - I t  v ibra t ions ,  the osc i l l a to r  s t rength  for  the long-wavelength e lec t ron  t rans i t ion ,  
e tc . )  depend on the or ientat ion of the subs t i t uen t sa t t ached  to the 2-  and 4 - r i n g  a toms .  The 
p rob lem of the capaci ty  of the p e lec t rons  of ni t rogen for  pa r t i a l  delocal izat ion owing to the 
in teract ion with the an t icoplanar  a - C - H  bonds is d i scussed .  

It  was  recent ly  [1] demons t ra t ed  that  for  decahydroquinoline de r iva t ives  the re  a re  r a t h e r  s t r i c t  r e l a -  
t ionships between the or ienta t ion of the subst i tuents  a t tached to C 2 and C A and the spec t ro scop ic  c h a r a c t e r -  
i s t ics  - the posit ion and intensi ty of the long-wavelength UV band [2] and the intensi ty of the so -ca l l ed  
"Bohlman" bands in the IR s p e c t r u m  [3] o A compar i son  of these  r e su l t s  with the data on the bas ic i t i e s  of 
the compounds leads to the conclusion that  both the bas ic i ty  and the spec t r a l  c h a r a c t e r i s t i c s  depend to a 
considerable  degree  on the re la t ive  or ienta t ion of the p orb i ta l  of  n i t rogen and the C - H  bonds fo rmed  by the 
a - c a r b o n  a toms .  If  they a r e  ant icoplanar ,  the p e lec t rons  a r e  apprec iab ly  delocal ized,  and the bas ic i ty  is  
reduced as compared  with compounds with o ther  re la t ive  orientat ions~ The ro le  of a subst i tuent  at tached 
to Ct is not comple te ly  c l ea r ,  although in [4-6] it was shown that  the bas ie i ty  depends not only on the e l e e -  
t ronegat iv i t ies  of these  subst i tuents ,  but also on the i r  or ienta t ions .  This  fact  is not explained by the ex i s t -  
ing concepts  of the inductive effect  o r  succes s ive  polar iza t ion  of the a bonds induced by an e lec t ronega t ive  
subst i tuent  and diminishing as the dis tance f r o m  it i n c r e a s e s  [7,8] ~ 

It s eemed  expedient  to us to augment  the collect ion of inves t igated cycl ic  amines  in o r d e r  to ve r i fy  
the prev ious ly  drawn conclusions and to a t tempt  to es tab l i sh  the ro le  of the e lee t ronegat iv i ty  and o r i e n t a -  
t ion of the C 4 subst i tuent .  For  this ,  in this  p a p e r  we examine the Uu and IR s p e c t r a  of s t e r e o i s o m e r i c  de -  
r iva t ives  of piper idine  ( I ) a n d  2-methy l -4-hydroxydecahydroquino l ine  ( I I ) .  
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IR Spectra .  Bohlman [3] demons t ra t ed  that  the p r e sence  of anomalous ly  long-wavelength bands of the 
va lence  v ibra t ions  of C - H  is c h a r a c t e r i s t i c  for  quinolizidine de r iva t ives .  I t  turned out that  the constant  
condition for  the i r  appearance  is the p r e s e n c e  of axial  a - h y d r o g e n s  and an axial  p orb i ta l  of ni t rogen.  If  the 
number  of a - a x i a l  hydrogens is known, the f rac t ion  of molecu les  with an axial  orb i ta l  can be calculated f r o m  
the in tegral  intensity of the bands [9,10] 
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where S B and SCH are  the a reas  under the "Bohlman" and "normal" C - H  bands (in coordinates of D and 
v), JB and JCH are  the a reas  of one "Bohlman" and one "normal"  C - H  bond, respect ively ,  N is the total 
number of C - H  bonds, n is the number of "Bohlman" C - H  bonds, and K is the rat io of the average  intensi-  
t ies of the "Bohlman" and "normal"  C - H  bonds. The K coefficient was determined f rom the data for  1-  
methylquinolizidine, in which an axial p orbital  is assumed in all of the molecules;  it was found to be 1.9 [9]. 
When the s - c a r b o n  is secondary,  it is neces sa ry  to allow for  the fact that both the symmet r i c  and a s y m m e t -  
r ic  vibrat ions prove to be "Bohlman" vibrat ions,  so that n = 4 for ~-unsubst i tu ted  compounds, while n = 3 
for compounds with one ~-subs t i tuent ,  d is regarding the contribution f rom N-CH~. This la t ter  contribution, 
according to the data in [9], is somewhat less  than the contribution of one C - H  bond, and, on the bas is  of a 
study of N - C H  3 derivat ives ,  is est imated to be 3/4 JB" 

F r o m  the resul ts  presented in Table 1 it is seen that the f ract ion of molecules  with an axial p orbi tal  
is high (~o > 50%) for  all of the compounds, which is charac te r i s t i c  for  cyclic t e r t i a ry  amines [9]. In addi-  
tion, as a rule,  ~v is g rea te r  for i somers  with an equatorial  OH group. The same sor t  of effect was p r ev i -  
ously detected for  piperidine ~-der iva t ives  f rom the resu l t s  of measurements  of the dipole moments  [11]. 
It is important  that it is also observed in secondary and t e r t i a ry  alcohols,  and, although it is not expressed  

TABLE 1. Spectroscopic Charac ter i s t ics  and Basici t ies  of Substi- 
tuted Piperidines 

uv sp~o~a a_l_~?hol 
heptane 

~ c m . 1  la"t~,flv~ "v . . . .  f ~h I 
. . . .  ~ i el_f) _ l lcm'X t 

r162162 

OH 
H ~ l i 3  

I13C~.%...-I ~---~N_s H 3 
tt 

t l O ~ H 3  

t~c-~--- ' -  "g• c~ 3 I ~ 

l I O n . H 3  "j" 

C,fl. CH 3 
I I O ~ ~  t3 

OII 

H3C~ ~ l-~'~--~ N _ CII3 C ~ - .  

}13 C ~x~x~J'~"~ N -. CIIa 
H 

t l o ~  !3 
H 3 C ~ . /  ~N--CH 5 
OH 

H a C - -  -- 3 

~H5 

5 2 ~ . ~ N _ _ C H  3 

C.H, 
1 1 0 . ~ t 3  "i" 

"~N-- CH 3 

7,96 

7,31 

7,83 

732 

7,82 

Formula 

7,74 

7,11 

7,70 

l 7,46 

7,98 

7,59 

* Data taken f rom [5]. 
The compounds are  capable of ring conversion,  and the p r e f e r r ed  

conformation is shown. 
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TABLE 2. 
tuted DeeahydroquInolines 

Spec t roscopic  Cha rac t e r i s t i c s  and Bas ic i t i e s  of  Subst i -  

Compound 
3rientation 

CPI3 OH 

a 

e 

a 

e 

a a 

a d 
e a 

e e 

a a 

a e 
e a 
e e 

a 
e a 

e e 

a 

e a 
e e 

UV s p e c t m m  

Av'h, Hv2 

cm -I 

10000 31,6 
7000 43,4 

9400 29,5 
6000 53,4 

9400 18,7 
9000 10,3 
6400 20,5 
5400 9,9 

8000 25,8 
7600 22,2 
5200 35,8 
48O0 37,0 

8200 8,8 
�9 5400 5,3 

4800 3,5 

6200 17,0 
4000 23,8 
5000 20,8 

60 
57 

8 
13 
29 
31 

62 
59 
53 
56 

47 
48 
46 

56 
63 
58 

C•\c• 3 
Ctt a 

olt 
! 

olt 
i 

C~\Cg3 
C~3 

HsCe\/'OH 

~ \ C H  a 

C"~/\cH5 
c.. 

pK a in 
water* 

10,9 
10,7 

10,6 
10,4 

10,3 
9.9 

10,1 
9,6 

9,90 
9,45 
9,63 
9,26 

9,24t 
9,01 t 
8,53~ 

* Data taken f rom [4]. 
In methanol .  

as  s t rongly as in the case  of secondary  amines ,  it is s t i l l  suff icient ly c lea r ly  not iceable .  The bas ic i ty  of the 
amines  under  considera t ion changes in opposit ion to the ~ value; i s o m e r s  with an equator ia l  hydroxyl  group 
always have lower  pK a va lues  than the i r  axia l  e p i m e r s  ( see  Table  1 and a lso  [5] ). 

UV Spectra .  The long-wave absorpt ion of the amines  under  considera t ion  is undoubtedly caused by a 
t rans i t ion  of the p e l ec t rons  of ni t rogen,  the contribution of which to the total  po lar izabi l i ty  is p ropor t iona l  
to f i / a  21, where  fi is the osc i l l a to r  force  (ca lcula ted  as 4 . 3 . 1 0  -9.  ~max"  AYl/2 ), and Yi is the f requency of 
the cor responding  band [1,12]. Two long-wave t rans i t ions  a r e  poss ib le  for  al iphat ic  amines :  n-~ a * ( i f  the 
n orb i ta l  is a pure  2s o rb i t a l ) ,  and n ~  3s ( i f  the n orb i ta l  is a pure  2p o rb i t a l ) .  The i r  f requenc ies  a r e  
close,  and, depending on the c h a r a c t e r  of  the actual ly  exis t ing hybrid n orbi ta l ,  r ed i s t r ibu t ion  of the in ten-  
s i ty between the n ~ or* and n ~ 3s t rans i t ions  is poss ib le .  When the contr ibut ions of the s and p orb i ta l s  
a r e  close,  the two t rans i t ions  a r e  equally probable ,  and the cor responding  band has the m a x i m u m  half  width 
fo r  the min imum intensi ty in the max imum.  If, however ,  one of the t rans i t ions  p redomina te s ,  two va r i an t s  
a r e  poss ib le :  e i ther  the in tegra l  intensi ty r e m a i n s  unchanged, r e g a r d l e s s  of the t rans i t ion  rea l i zed ,  or  it 
depends on the type of t rans i t ion  and, consequently,  the geomet ry  of the molecule .  It  is seen  f r o m  TabIe 1 
that  in the s e r i e s  of compounds under  invest igat ion we a re  dealing with the l a t t e r  case .  Since the in tegra l  
intensity d e t e r m i n e s  the contr ibution of a given t rans i t ion  to the total  s ta t ic  po la r izab i l i ty  of the molecule ,  
the data obtained indicate the di f ference in this  contribution for  the different  i s o m e r s .  The change in the 
polar izabi l i ty  may be the r e su l t  of e i ther  a change in the ionization potential  o r  a change in the degree  of 
deloeal izat ion of the e lec t rons .  Since the obse rved  re la t ive  changes in the f requency of the band m a x i m u m  
(Yi) with changing configuration a r e  e x t r e m e l y  sma l l  in compar i son  with the change in the osc i l l a to r  force ,  
the d i f fe rences  in the po la r izab i l i t i es  of the i s o m e r s  a r e  t h e r e f o r e  caused by a change in the degree  of de -  
local izat ion of the e lec t rons .  This  also means  a change in the i r  bonding c h a r a c t e r  and, consequently,  the 
degree  of unsa tura ted  c h a r a c t e r  of the i s o m e r s .  

A more  detailed compar i son  of the data on the polar izabi l i ty  of s t e r e o i s o m e r i c  molecu les  with the 
c h a r a c t e r i s t i c s  of t he i r  r eac t iv i t i e s  is of in te res t .  The bas ic i ty  may,  on the one hand, s tand out as a c h a r -  

1016 



ae te r i s t i c  of this sor t ,  or,  on the other  hand, the spec t roscopic  effect of a hydrogen bond (fal /fh,  where fal 
and fh are,  respect ively ,  the osc i l la tor  force  for  the same molecule in nonsolvating hexane and in the e l ec -  
t ron -accep to r  solvent alcohol, in which the in t ramolecular  tying up of p e lec t rons  is replaced by selvation 
of the O - H . . . N  type) may serve  in such a function. This sor t  of compar ison  can be ca r r i ed  out most  graph-  
ically in the case of 4-hydroxydecahydroquinol ines  with a rigid configuration. It is apparent  f rom the data 
in Table 2 that there  are  at least  two different types of substituent effects on the basici ty and polarizabil i ty 
of a molecule; these two types may be t e rmed  "symbat ic"  and "antibatic" effects .  The "symbat ic"  effect, 
which is induced by the introduction of an OH group, with an appreciably g rea t e r  electronegat ivi ty than hy-  
drogen, into the 4-posi t ion leads to a decrease  in both the polarizabil i ty and basici ty (the form of the band 
does not change in the p rocess  ). In this sense,  this type of effect can apparently be t e rmed  an inductive 
effect. However, even it does not fit completely into the c lass ica l  concepts of the inductive effect, since the 
effect of a hydroxyl group is different in magnitude, depending on its orientation, and an axial hydroxyl group 
is associa ted with a higher polarizabil i ty and higher basici ty .  

F r o m  the data of Table 1 it can be seen that  for piperidine compounds, in all cases ,  the t rans i t ion  
f rom the i somer  with an axial hydroxyl group in the 4-posi t ion to the equatorial  ep imer  also leads to a de-  
c rease  in the basici ty (see also [5] ) and to a reduction in the spec t roscopic  effect of a hydrogen bond. As 
already noted, the f ract ion of molecules  with an axial p orbital  also general ly increases  in the p roces s .  Of 
course ,  it is t rue that, in contras t  to deeahydroquinoline derivat ives,  the dependence of fi/Y~ on the mole -  
cular  geometry  is expressed  less distinctly in the piperidine se r i es .  This is apparently associa ted  with the 
lower rigidity of the molecules  and with their  g rea te r  tendency for different r ing dis tor t ions,  and, in a num- 
ber  of cases ,  for eonformational  t ransformat ions  (see Table 1).  

In contras t  to an OH substituent attached to C4, a methyl substituent attached to C 2 has an "antibatic" 
effect: the basicity dec reases  on passing f rom an axial to an equatorial  orientation, while the polarizabil i ty 
increases  (see Table 2).* This case is of special  interest .  An increase  in polarizabil i ty is usually a con- 
sequence of either a decrease  in the ionization potential or  an increase  in the effective e lec t ron charge on 
the nitrogen atom. In any case,  this should be accompanied by an increase  in the basici ty because of a de- 
c rease  in the difference (I R N - ER NH +), which determines  the energet ics  of the a c i d - b a s e  react ion.  The 

3 
case in which a decrease  in~as ic i ty  cor responds  to an increase  in the polarizabil i ty can be real ized only 
when the reason  for the increase  in the polarizabil i ty is an increase  in the lability of the e lect rons  within 
the limits of the molecule.  It is known [12] that thepolar izabi l i ty  and ref rac t ion  are  g rea te r  than their  sum 
in those cases  in which the molecule contains multiple and, especial ly,  conjugated multiple bonds. In the 
molecules  under consideration,  there  are  formal ly  no unsaturat ion or  conjugation. However, it is c lear  f rom 
the data presented that the p e lect rons  of nitrogen, which determine the react ivi ty  of the amine and are  fo r -  
mally atomic,  can be delocalized, even if only part ial ly.  The observed "antibatic" effect can then be con- 
s idered to be a confirmation of the conclusion drawn above regarding  the change in the bonding cha rac t e r  of 
the p e lect rons  as a function of the molecular  configuration. In fact, if the axial a -hydrogen  increases  the 
bonding charac te r  of the p e lect rons ,  thereby giving them a la rger  space for  delocalization, the polar izabi l -  
ity should increase  in the p rocess ,  and the capacity for d o n o r - a c c e p t o r  interact ion (charac te r ized  by fal / fh 
or  pK a) should decrease  for compounds with an equatorial  CH 3 group as compared with the axial C 2 i somer .  
The difference in the cha rac te r  of the effects induced by the OH group in the 4-posi t ion and the CH 3 group in 
the 2-posit ion is an important  confirmation of the qualitative difference in the essence  of the phenomenon 
that is called the inductive effect for different types of substituents,  which was noted in [8]. 

In a number of features ,  the observed effect reca l l s  hyperconjugation or the single bond conjugation 
discussed by Nesmeyanov [14]. According to Nesmeyanov, the effect iveness of the interaction between s in-  
gle bonds in the A - B - C - D  sys tem is high when the A - B  and C - D  bonds are  anticoplanar and the c o r r e -  
sponding orbi tals  are  situated at different ends of the electronegativi ty scale (or  Lewis acidity sca le ) :  one 
is a donor, and the other is an e lec t ron acceptor .  In our case,  the N - C - H  fragment  completely sat isf ies  
this condition for an axial C - H  bond that is an acceptor  owing to a high ionization potential and for an axial 
orientation of a p orbi tal  that acts as a donor. A consequence of this sor t  of conjugation of the p orbital  of 
nitrogen and the a orbital  of the C - H  bond is involvement of the p e lec t rons  in bonding with a simultaneous 
increase  in the i r  polarizabil i ty as a resul t  of delocalization in a relat ively large f ragment .  The in t r amo-  

*A s imi la r  effect is also observed during replacement  of NH by N-CH~, but in this case the interpretat ion 
of the data is difficult, since the decrease  in basici ty  may be associated with the change in the solvation dur -  

ing alkylation of the amines [13]. 
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lecularly tied up p electrons have a lesser  tendency for intermolecular  interaction, and the reactivity of the 
molecule is reduced. 

Thus the data obtained make it possible to assume that under certain conditions the interaction be- 
tween saturated bonds ( "a - a "  or " p - a  conjugation" ) may play an extremely important role in the forma-  
tion of the reactivity of the molecule. 
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