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Three isomeric dimethyt esters of 4-hydroxypiperidine-2, 6-dicarbox- 
ylic acid have been isolated. The spatial structures of all three iso- 
meric esters and of the acids corresponding to them have been estab- 
lished on the basis of NMR spectra. It has been shown that while the 
isomers I and II exist in the form of only one conformation each, iso- 
mer III in neutral and acid media apparently consists of an equilibrium 
mixture of two (or more) conformers. The information obtained on the 
spatial structure of the isomeric esters shows that the cyclization of 
these compounds with benzylamine and p-nitrobenzaldehyde takes 
place with the inversion of the piperidine ring. 

D i m e t h y l  e s t e r s  of 4 - h y d r o x y p i p e r i d i n e - 2 ,  6 - d i -  
c a r b o x y l i c  ac id  h a v e  b e e n  o b t a i n e d  by the  h y d r o g e n a -  

t i on  of c h e l i d a m i c  a c i d  in  an  a q u e o u s  a l k a l i n e  m e d i u m  
in  the  p r e s e n c e  of a n i c k e l  c a t a l y s t  w i t h  s u b s e q u e n t  
esterification of the hydrogenation product with meth- 
anol [i]. From the resulting mixture of isomeric es- 
ters a crystalline isomer with mp 134-135 ~ C (1) [2] 
was obtained. In a study of the spatial structure of 
this isomer, on the basis of a series of chemical re-  
actions it was concluded that the compound has the 
chair form, the methoxycarbonyl group being in the 
cis position and the "hydroxyl group located on the 
same side of the plane of the molecule as the methoxy- 
carbonyl groups"* [2, 3]. 

Continuing the work begun, we have isolated another 
two isomers from the mixture of esters--a crystalline 
one with mp 98-100 ~ C (If) and a liquid one with bp 
140-141 ~ C (0.3 ram) (III). The isomeric esters form 
three different hydrochlorides and on saponification 
with dilute hydrochloric acid give the hydrochlorides 
of the isomeric 4-hydroxypiperidine-2, 6-dicarboxylic 
acids (la, IIa, and IIIa). The purity of the isomeric 
compounds was checked by means of descending paper 
chromatography in chloroform (paper impregnated 
with 40% methanolic formamide). 

As has been shown previously [2], the isomer Idoes 
not give a crystalline bicyclic compound with p-nitro- 
benzaldehyde [4]. On the other hand, isomers II and 
Ill do form such compounds. These results permit the 
assumption that the hydroxyl group in the isomers II 
and III is on the side opposite to that of the hydroxyl 
group in the isomer I. 

A detailed study of the spatial structure of the iso- 
meric esters isolated and of the acid corresponding to 
them has been carried out by IH NMR spectroscopy. 

Table i gives the values of the chemical shifts (CS), 
5, obtained and the spin-spin coupling constants (SSCC), 
J, of the protons of the piperidine nucleus and the 

*Wha t  i s  m e a n t  i s  t h e  p l a n e  p a s s i n g  t h r o u g h  the  t h r e e  
c a r b o n  a t o m s  C2, C4, and  C6 t h a t  b e a r  t h e  s u b s t i t u e n t s .  

m e t h y l  p r o t o n s  of t he  COOCH3 g r o u p s  fo r  the  i s o m e r i c  
e s t e r s  I and  II  and  the  a c i d s  c o r r e s p o n d i n g  to t h e m  Ia  
and  IIa.  The  a s s i g n m e n t  of t he  s i g n a l s  in t h e  s p e c t r a  

of a l l  t h e s e  c o m p o u n d s  c a u s e s  no  d i f f i c u l t i e s  of any  

kind:  t he  s i g n a l s  of the  a x i a l  p r o t o n s  a t  C 3 and  C5 
(Haa, 52) a r e  found  in  t he  s t r o n g e s t  f i e l d  and  t h e n  c o m e  

t h e  e q u a t o r i a l  p r o t o n s  a t  t h e s e  c a r b o n  a t o m s  (H3~.5~) ; 
t h e  s i g n a l s  of the  p r o t o n s  a t  C2 and  C~ (H2 and H~) a r e  
in  t h e  3 . 5 - 4 . 5  p p m  r e g i o n .  F i n a l l y ,  t he  s i g n a l s  in t h e  
w e a k e s t  f i e ld  r e l a t e  to  the  p r o t o n  at  C4 (H4) (F ig .  1). 

A c o n s i d e r a t i o n  of t he  s p e c t r a  s h o w s  t h a t  the  p r o -  
t o n s  at Cz and C~ give a single signal both in I and Ia 
and in II and IIa in all the media studied. In these iso- 
mers the signals of the protons of the methoxycar- 
bonyl groups at C2 and C~ also coincide. This shows 
the equivalence of positions 2 and 6 (and also 3 and 5) 
and the similar orientation of the substituents (the two 
COOR groups) in positions 2 and 6. Consequently, the 
molecules of each of the isomers are symmetrical 
with respect to the plane passing through the O---C4--H 
and N--H bonds and the COOR groups have the cisoid 

a r r a n g e m e n t .  
As is  w e l l  known,  f o r ' s a t u r a t e d  s i x - m e m b e r e d  r i n g s  

the  c h a i r  f o r m a t i o n  w i t h  an  e q u a t o r i a l  a r r a n g e m e n t  of 
the  l a r g e s t  s u b s t i t u e n t s  i s  p r e f e r r e d .  If  i t  i s  a s s u m e d  
t h a t  t he  p i p e r i d i n e  r i n g  in  the  i s o m e r s  s t u d i e d  a l so  h a s  
the  c h a i r  f o r m ,  the  r e s u l t s  w i t h  r e s p e c t  to  CS and  

SSCC p e r m i t  t he  s p a t i a l  s t r u c t u r e  of the  i s o m e r s  I, 
Ia ,  II, and IIa to  be  e s t a b l i s h e d  u n a m b i g u o u s l y .  

Thus ,  in the  i s o m e r  I (Ia) t he  s i g n a l s  p r e s e n t  in the  
s t r o n g e s t  f i e ld  ( a x i a l  p r o t o n s  at  C3(@ show a p a t t e r n  
of s p i n - s p i n  s p l i t t i n g  c o r r e s p o n d i n g  to t h e  e x i s t e n c e  of 
t h r e e  l a r g e  J c o n s t a n t s  ( - 1 1 - 1 3  Hz) of w h i c h  one  i s  
o b v i o u s l y  J g e m ,  and  t he  o t h e r  two m u s t  r e p r e s e n t  

]N~(~I a H2r , a n d  ]H 3(5)a H4a " In the  i s o m e r  II ( and  IIa), 
t h e  s i g n a l s  of t he  a x i a l  p r o t o n s  H3(5) a r e  s p l i t  as  a r e -  
s u l t  of two l a r g e  ( 1 1 - 1 3  Hz) and one  s m a l l  (3 H z ) c o n -  

s t a n t s ,  w h i l e  a c o n s i d e r a t i o n  of t he  s i g n a l s  f r o m  the  
p r o t o n s  a t  H2(67 and  H4 s h o w s  t h a t  t h e  s m a l l  c o n s t a n t  
i s  due  to i n t e r a c t i o n  w i t h  t he  H4e p r o t o n .  

It f o l l ows  u n a m b i g u o u s l y  f r o m  t h e s e  f a c t s  t h a t  in 
t h e  i s o m e r  I (and  Ia),  b o t h  t he  COOR g r o u p s  and t h e  
OH g r o u p  h a v e  t he  e q u a t o r i a l  p o s i t i o n s  and  in t he  i s o -  
m e r  II (and  IIa), w h i l e  the  COOR g r o u p s  r e t a i n  t h e i r  
e q u a t o r i a l  p o s i t i o n s ,  t h e  h y d r o x y l  g r o u p  a s s u m e s  t he  
a x i a l  p o s i t i o n .  

RO~/NH ROOC NH 

H O ~  SCOOR ~COOR 
" 

I, l a  II, l l a  

I R=CH3, l a  R~H; ][ R~CH3, Ha R~H 
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T a b l e  1 

Va lues  of the  CS (5, ppm)  and SSCC (J, Hz) of the P r o t o n s  in  the  
S p e c t r a  of I, Ia, l'I, and IIa 

Solvent 
CDCI~ 

CS 

6H3a(Sa) 1.35 

6~ ae(5e) 2.27 

6 ~i 2 (6) 3.41 

6H 4 ,,,3.80 

6rtcH 3 3,77 

SSCC 

JH4H 3a(5a) I 1--13 

Y~I 4 K 3e(Se) 2--4  

J H 2 n  3a 12,5 

( :%%~) 

/ I I2H 3e 3 

]rr3a,3 e 11 13 

(/It  5a,Se ) 

t 

CD~OD 
(+HCI) 

1,60 

2.72 

4,25 

~3.85 

3,88 

1!--13 

2--4 

13.0 

12.5 

la 

IN NaOD 

1,08 

2,14 

3.10 

3.68 

11.2 

4,5 

12,0 

2.8 

12 

IN DCt 

1.69 

2,59 

4,17 

4,10 

11.2 

4.6 

13,4 

3,4 

II 

CDCh 

1.65 

2,10 

3.89 

4.35 

3,77 

lia 

1N NaOD IN DCI 

1.45 1.92 

i 1,94 2.31 

3.41 4.29 

4.27 4.39 

3 3 

3 3 

12.7 13.3 

3.0 3.4 

14 14 

T a b l e  2 

V a l u e s  of the CS (6 ppm) and SSCC (J,  t tz) of the  P r o t o n s  in the  S p e c t r a  of rrr and 1~ t  

PaCTBOpHTe~b 

ICS, 

~H3a 

6nSa 

~n3e 

r 

6~ 2 

6It 6 

6rr 4 

8RCK 3 

SSCC3 

JH4H 3a 

1144 H 3e 

J t] 2 II 3a 

dtt2It 3e 

JH 6 II: 5a 

] i t  6 tt 5e 

JI~3aHSe 

CDCI3 

1.64--2,24 

3.55 

4.03 

3.87 
3.77 

3.81 

(8) 

(4) 

(8) 

(4.2) 

(6} 

(5} 

III I Ilia 

CD~OD I 
(+HCI) ] IN NaOD 

i 1.24 

1.45 

' t.85--2.35 
I 

: ] 
2.15 

4.40 3.16 

4.66 3.52 

4.13 3.61 
3.83 

3.89 

(5.3) 

(3.9) 

(4.5) 

(11.0) 

IN DCI 

2.13--2.32 

4.44 

4.62 
i 

4.19 

10.7 } (4.5) 
quintet 

4.7 (4.5) 

11,5 / (5.7) 

} triplet 
3 5.7 

5 (6.2) 

2.7 i (8.5) 
I 

12.5 [ 

CDaOD 
+DCf 

225--2.30 

4.27 

4.57 

4.05 

(4.2) 
quintet 

(4.2) 

(5.3) 
triplet 
(5.3) 

(5.8) 

(8.3) 
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5 4 3 2 1 o ,~, p p m  

Fig. I. NMR spectra of the esters I and 
II and the acids Ia and IIa corresponding 
to them (the esters in CDCI 3, and the 
acids in IN NaOD; the assignment of the 

signals is given in Table i; the signal at 

2~ ppm in the spectra of the esters is 

due to OH and NH). 
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The s ignals  of al l  the other  protons  a re  p resen t  in 
the f ie lds  cor responding  to this idea. Thus, in al l  four 
compounds the s ignals  p resen t  in a somewhat  weaker  
field than for the H3a(~a) protons have only one la rge  
constant (11-13 Hz) and appear in the fo rm of a dou- 
blet of poor ly  r e so lved  mul t ip le ts  due to the sma l l  

H H 
o o 

. 0 

~..N H Nit 
IV HO 

••t• I I I  

~ III o 
N a O D  

6 5 a 3 2 1 0 d, ppm 

Fig.  2. NMR spec t r a  of the e s t e r  III in CD3OD + DC1 
and of the acid IIIa cor responding  to it  in 1 N NaOD 
and 1 N DC1 (the ass ignment  of the s ignals  is given 
in Table 2; the s ignal  at 3.3 ppm in the spec t rum of 
the e s t e r  is due to the res idua l  protons  of the solvent  

CHD2OD). 

constants,  as is to be expected for  equator ia l  protons 
(the l a rge  constant J g e m  and the smal l  constants  

]H 3(5)eH2(6a) and J'H3(5)eI-I4e) F u r t h e r m o r e ,  in t h e i s o -  
m e r  II, the H4 proton gives a s ignal  in a weaker  field 
than in the i s o m e r  I (in the same solvents) ,  which 
ag rees  with the idea of its equator ia l  posi t ion in the 
i s o m e r  II and its axial posi t ion in the i s o m e r  I. 

It fol lows f rom the resu l t s  obtained that the i so -  
m e r i c  compounds studied ex is t  under the conditions 
of the m e a s u r e m e n t s  in the fo rm of one conformat ion 
each (or, at least ,  this conformat ion is m a r k e d l y p r e -  
dominating). This is understandable ,  s ince  c h a i r - c h a i r  
invers ion  would lead, both for  I (In) and for  II (IIa) to 
an energe t i ca l ly  unfavorable  diaxial  a r r angemen t  of 
the voluminous COOR groups.  So fa r  as concerns  the 
boat form,  this could be regarded  as poss ib le  only for  
the i s o m e r  I (Ia), s ince  in this case  it is poss ib le  to 
expect  the s tabi l izat ion of such a fo rm through an in-  
t r a mo lecu l a r  O H . . . N  hydrogen bond [5 -  7]; however,  
the marked  c loseness  of the J constants for the i so -  
m e r s  I and II and the i r  ve ry  smal l  change on pass ing  
f rom cer ta in  solvents  (and pH values)  to o thers  p e r -  
mits  the conclusion that under  the conditions desc r ibed  
the boat fo rm is absent (or is p resen t  in insignif icant  
amounts). 

In addition to this,  it follows f rom the r e su l t s  ob- 
tained that, in the cycl izat ion of the i s o m e r  I with ben-  
zylamine,  invers ion  of the p iper id ine  r ing into another 
chair  (IV) or  boat (V) fo rm with the diaxial  a r r a n g e -  
ment of the two COOR groups takes place,  s ince the 
c losu re  of the second ring would be imposs ib le  if these 
groups w e r e  in the d iequator ia l  position. 

Invers ion of the r ing must  also take place  in the 
reac t ion  of the i s o m e r  II with p-ni t robenzaldehyde,  
and in the b icyc l ic  de r iva t ive  VI fo rmed  the p iper id ine  
r ing must  have the boat fo rm with the exoaxial  a r -  
r angement  of the COOR groups.  This f o r m  is f r e e  
f rom s te r i c  hindrance between the p-n i t rophenyl  r ing 
and the e s t e r  groups and the re fo re  the cycl iza t ion r e -  
action takes  p lace  readi ly.  In con t ras t  to this,  the i so-  
m e r  I does not take pa r t  in the cycl izat ion reac t ion  
s ince  the boat conformat ion with the exoequa tor ia l  o r i -  
entation of the COOR groups,  VII, is unfavorable  be-  
cause  of the s t e r i c  repuls ion shown, and in the f o r m a -  
tion of the o ther  boat form,  in which both COOR groups 
a r e  exoaxial ,  the hydroxyl  is in the exoequa to r i a lpo -  
si t ion and c losu re  with the format ion  of the b icycl ic  
compound becomes  imposs ible .  

C!OR H 
OR ~ '~6H~NO 2 

H RO~/N 

CsH4NO 2 
V| VII 

Thus, the resu l t s  obtained on the spat ia l  s t ruc tu re s  
of the i s o m e r i c  e s t e r s  I and II (and the acids Ia and 
IIa cor responding  to them) sa t i s f ac to r i ly  explain the 

Table 3 

Sums of the Constants in the I som er s  III and IIIa 

Sums, HZ 

fIt4H 3e + ]~4 ~ 3e 

JH2 B3a + ]H2H 3e 

]H6KSa + ]~6HSe 

D20+ NaOD 

15.4 

14.5 

7.7 

Solvent 

D20+DCI 
CD~OD+DCI 

8--9 

11.4--I0 

11--14 

CDCI~, 

12 

12 

11 14 

cycl iza t ion  reac t ion  of these  compounds to fo rm bi -  
cycl ic  de r iva t ives  and show that the cor responding  
reac t ions  take place  with invers ion  of the p iper id ine  
ring. It follows f rom this that a study of the cyc l i za -  
tion reac t ions  of the e s t e r s  d i scussed  cannot be used 
to es tab l i sh  the conformat ions  in which these  e s t e r s  
exist.  In view of this, the data of the p resen t  com-  
municat ion p e r m i t  the conclusions drawn prev ious ly  
[2] on the s t e r i c  s t ruc tu re  of the i s o m e r  I and, to a 
ce r ta in  extent, that of the b icycl ic  compound IV ob- 
tained by its reac t ion  with benzylamine,  to be refined.  

As a l ready mentioned, in the p rev ious  paper  [2] the 
e s t e r  I was a sc r ibed  the cha i r  fo rm "with the OH p r e s -  
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ent on the same side of the chain of the molecule as 

the methoxycarbonyl groups." There can be two such 
forms--with the triequatorial and with the triaxial ar- 
rangement of all the substitnents. In the present work 

the triequatorial nature of the substituents in this iso- 

mer has been shown unequivocally. In the bicyclic 

compound, the diaxial orientation of the C2--CO and 
C6--CO bonds with respect to the piperidine ring is 
obviously the only one possible; so far as concerns the 

hydroxyl, it may be assumed with equal success as 

having the axial position in structure IV and the equa- 

torial position in structure V. Data on the formation 
of the tricyclic compound VIII [3] cannot support con- 
formation IV, since the reaction with p-nitrobenzalde- 

hyde takes place with the inversion of the piperidine 

ring and substance VIII can also be obtained from the 

bicyclic compound V (after reduction of the methoxy- 
carbonyl groups and debenzylation). 

~ elt4NO2 

g 

o j I ~ N  

Pass ing  to a cons idera t ion  of the spec t r a  of III (and 
IIIa) (Table 2, Fig.  2), we mus t  f i r s t  of all ment ion 
the d i f fe rence  in CS for  the protons at C2 and C6 (2~6 
0.25-0.30 ppm) and for the COOCI-I 3 groups (2~5 0 .04-  
0.06 ppm), which shows the a s y m m e t r y  of the mo le -  
cule of this i somer .  This a s y m m e t r y  can be explained 
only by a t ranso id  a r r a n g e m e n t  of the COOR groups in 
the i s o m e r  III, in con t r a s t  to the e isoid  d iequa tor ia l  
a r r a n g e m e n t  that ex is t s  in the i s o m e r s  cons ide red  
above. The t ranso id  or ienta t ion  of the COOR groups 
makes poss ib le  the fo rmat ion  of a b ieycl ic  compound 
by the reac t ion  of III with p-n i t robenza ldehyde ,  s ince  
in the bicycl ic  compound fo rmed  one of the COOR 
groups is always or ienta ted  in such a way that  the p- 
ni t rophenyl  r ing can be a r r anged  without any s t e r i c  
h indrance  on the par t  of this group. The d e t e r m i n a -  
tion of the conformat ion  of III and IIIa proved to be 
assoc ia ted  with cons iderab le  di f f icul t ies .  As follows 
f r o m  Table 2, only for  IIIa and only in an a lkal ine m e -  
dium does it p rove  poss ib le  to make an unambiguous 
assignment of the signals to the H3a, Hsa, and H3, se 
protons. In all other cases, the signals of these pro- 
tons overlap and give a complex multiplet the distance 
between the extreme peaks of which varies from 20 

(IIIa, DCI) to 60 Hz (III, CDCI3). By comparing the CS 

values of the H3a, Hsa , H3,5e and, particularly, H 4 
protons in the spectrum of Ilia with the corresponding 
values for Ia it may be concluded that in an alkaline 
medium the chair conformation with the OH group 

in the equatorial position and the axial-equatorial ori- 
entation of the COO- groups (IX) is characteristic for 

Ilia (compare 6H4 for the acids la, IIa, and IIIa in 1 N 
NaOD). The same conclusion follows from a consider- 
ation of the SSCC. The spectra of rgand IIIa in acid (D20 + 

OOC 

+DCI, CD3OD +DCI) and neutral* (]IIin CDCI3) mediadif- 
fer markedly from the spectrum of Ilia in an alkaline me- 
dium (Table 3, Fig. 2a, b). In the strong-field region 
(H3H 5 resonance), only one multiplet is observed with 
a distance between the extreme peaks of 20-60 Hz. 
Thus, the CS of the protons present at C3 and C 5 are 
fairly close. In this case, on the basis of a first-order 
analysis only the value of the sum of the two SSCC, 
and not the constants themselves, are correctly de- 
termined.** All this permits only certain considera- 
tions relative to the possible conformation of the iso- 
mer Ill in an acid medium and in CDCl3tobeexpressed. 

It must be mentioned in the first place that in the 
isomers HI and Ilia the values of the sums of the con- 

stants lH4it3a+Jl~t4I-I3e. ]I~H3ad-d-g2H3~ and ]~ei%~ d ~ 
+ JH6~ 5e change substant ia l ly  on pass ing  f rom an a l -  

kaline to neut ra l  and acid media  (Table 3). 
These d i f fe rences  cannot be explained by any e l ec -  

t ron ic  effects  connected with a change in the s ta te  of 
the ionogenic groups,  s ince  the cor responding  SSCC 
values  (and the i r  sums)  for  the i s o m e r s  I and II de -  
pend on the solvent  to a far  s m a l l e r  extent. 

Thus, it may be assumed that the conformat ion  of 
the i s o m e r  III p redominat ing  in an alkal ine medium 
(chair ,  OH and one of the COOR groups equator ia l ,  
the other  COOR axial,  IX, Fig. 3) is not the only one 
in acid and neu t ra l  media ,  and that under these  condi-  
t ions we a re  dealing with an equi l ibr ium of two or 
m o r e  con fo rm er s  rapidly changing into one another.  
However,  the values  of the sums of the SSCC values  
that we have found do not make  it poss ib le  to d e t e r -  
mine just  which of the eight con fo rm er s  poss ib le  in 
principle (two inverted chair and six boat forms) exist 
in equilibrium with one another, although it may be 

assumed that in an acid medium the predominant form 

is the inverted chair (with an axial OH group). It may 

be mentioned that the greater ease of inversion of the 
ring for isomer III as compared with isomers I and II 
is, generally speaking, perfectly explicable, since the 

axial-equatorial arrangement of the largest substitu- 

*Since the strong signals of the two methyl groups 
interfere with the determination of the structure of the 

signal of the H2, H4, and H~ protons in a neutral me- 

dium (CDCI3), the study of the ester was carried out 

on the corresponding derivatives with COOCD3groups. 

**In favor of the existence of a virtual interaction in 
the case discussed, is the nature of the signal from 

H 
one of the ~C--COOR, protons, which has the form of 

a symmetrical triplet. In Table 2, the measured in- 
tervals between the peaks which, apparently, are not 
equal to JAX and JBX, are given in brackets. 
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ents (COOR)will remain the same on chair-chair in- 
version (the COOR groups will merely change their 
orientation). The difference in the energies of the two 
chair forms of the isomer III is therefore due only to 
the somewhat more suitable equatorial arrangement 
of the hydroxyl in one of these forms (which, thanks to 
this, exists as practically the only one for Ilia in an 
alkaline medium). 

In addition to this, the presence of boat forms, as 
well, in the conformational equilibrium for the iso- 
mer Ill is extremely likely, since some of them--for 
example, those corresponding to the exoequatorial 
position of all three substituents--can be fairly fa- 
vorable in respect of energy. 

Some considerations may be given on the question 
of why the suitability of one of the chair conformations 
for Ilia appears in the form of a practically complete 
predominance only in an alkaline medium. 

Obviously, this is connected with the appearance 
under these conditions of the two charged CO0- groups, 
tending to occupy the most remote position both from 
one another and from the hydroxyl, which may be par- 
tially ionized when a strongly alkaline medium (1 N 
NaOH) is used. Under these conditions, the most suit- 
able conformation is that denoted by IX, with an equa- 
torial hydroxyl. For the ester III itself and the acid 
Ilia in neutral and acid media there is no charge on 
the COOR group and this decreases the difference in 
the energies of the isomers to such an extent that the 
compounds exist in the form of an equilibrium mix- 
ture of two (or more) conformational isomers. 

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

Isolation of the isomers. The solid substance was filtered off from a 
mixture of the isomeric esters (22.7 g) [1] and was reerystallized from 
ethyl acetate. This gave 12.1 g (52.2~ of the mixture) of the isomer I 
in the form of a colorless crystalline substance with mp 134-135 ~ C. 
Found, %: C 50.00; H 7.18; N 6.37. Calculated for CgHlsN05, %: 
C 49.76; H 6.96; N 6.44, Hydroehioride-colorless crystalline sub- 
stance with mp 210-212 ~ C. Found, %: C1 14.02; N 5.45. Calculated 
for CgH15NO s" HC1, %: C1 13.97; N 5.52. 

The mother solution from four filtrations (40 g) was dissolved in dil 
(1 : 1) HCI and the impurities of a nonbasic nature were extracted with 
ether; the acid solution was then treated with an excess of 50% potas- 
sium carbonate solution and was extracted with chloroform. This gave 
16.45 g of a light yellow viscous liquid with bp 150-160 ~ C (0.5 mm). 
The liquid was dissolved in 60 ml of absolute ethanol, the solution was 
acidified with ethanolic hydrogen chloride, and the precipitate that 
deposited (15.5 g) was filtered off and recrystallized from 50 ml of 
butanol and then from 40 ml of absolute ethanol. This gave 6.22 g of 
the hydrochloride of the isomer III in the form of a colorless crystalline 
substance with mp 172-174 ~ C. Found, %: C1 13.78; N 5.35. The base 
III formed a viscous colorless liquid with bp 140-141" C (0.3 ram). 
Found, %: C 49.90; H 6.90; N 6.33. 

The butanolie mother solution from the filtration of the hydro- 
chloride of III was evaporated to dryness and the residue was twice 
crystallized from 20 ml of methanol. This gave 4.3 g of the hydro- 
chIoride of the isomer II in the form of a colorless crystalline substance 
with mp 175-176 ~ C. Found, %: C1 13.87; N 5.54. 

A mixture of the hydroehloride of the isomers II and III melted at 
152-155 ~ C. 

The base II formed a colorless crystalline substance with mp 98- 
100 ~ C (from ethyl acetate). 

Saponification of the esters. The saponification of the isomeric 
esters was carried out with a tenfold amount of dll (1 : 1) HC1 at the 
boil for 4 hr. At the end of the reaction, the acid aqueous solutions 
were evaporated to dryness in vacuum, and the residues were triturated 
with ether. The colorless crystalline hydroehlorides of the isomeric 4- 
hydroxypiperidine-2, 6-dicarboxylic acids were obtained in yields of 
82-8~%o. 

Ia) mp 240-242 ~ C. Found, %o: C1 16.03; N 6.17. 
IIa) mp 254-256 ~ C. Found, %0:C1 15.86; N 6.41. 

IIIa) mp 185-186 ~ C. Found, %: C1 15.60; N 6.91. 
Calculated for CTHuNOI'HC1 , %0:C1 15.71; N 6.20. 

Reaction of the isomers tI and III with p-nitrobenzaldehyde. The 
reaction was carried out as described previously [3]. The isomer II 
(0.45 g) gave 0.62 g (86%) of a bicyclic compound in the form of a 
yellow crystalline substance with mp 159-161 ~ C. Found, %: C 54.83; 
H 5.22; N 7.64. Calculated for C16H18N2OT, %: C 54.85; H 5.18; N7.99. 

The isomer III (0.65 g) gave 0.91 g (86.6%) of the bicyclic product 
in the form of a light yellow crystalline substance with mp 129-131 ~ C. 
Found, % C 54.75; H 5.27; N 7.83. 

The IR spectra of the bicyclic compounds contain absorption bands 
in the 1730 and 1530 cm "1 regions (ester group and aromatic nitro 
group) but no absorption bands in the 3200-3500 cm "1 region corre- 
sponding to secondary amine and hydroxyl groups. 

The NMR spectra of the compounds studied were obtained on a 
INM-4H-100 spectrometer with a working frequency of 100 MHz. For 
the solutions in CDC13 (I, II, IID and in CDaOD (I, III, IIIa), hexa- 
methyldisiloxane (5 = 0.04) was used as the internal standard. The so- 
lutions in D20 (Is, IIa, IIIa in alkaline and acid media) were studied 
with dioxane (5 = 3.70) as the internal standard. Tables 1 and 2 give 
the values of the CS calculated to TMS (6 = 0.00). 
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