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A method has been elaborated for the quantitative g a s - c h r o m a t o g r a p h i c  

analysis of a mixture of piperidine, N-formylpiperidine, and py~idine 

on polyethylene glycol-4400 applied onto a chromosorb and NaCI, and 

apezon L, applied onto NaCL The relative retentive volumes and 

heats of solution of the components of the mixture were calculated. 

The ut i l iza t ion of carbon monoxide, a s ide product  
in the l a r g e - s c a l e  product ion of ca lc ium carbide ,  e l e -  
menta l  phosphorus ,  and the convers ion  of natura l  gas,  
etco, is one of the most  impor tant  p rob lems  concerning 
the waste  products  of the chemical  indust ry .  C a r -  
bonylation of organic  compounds would appear  to be a 
p romis ing  applicat ion,  and would provide a means  of 
producing a wide va r i e ty  of oxygen containing com- 
pounds f rom a cheap raw ma te r i a l .  A study of the 
ca ta ly t ic  carbonyla t ion  of bifunctional [1, 2] and he t e ro -  
cycl ic  [3-5] organic  compounds would be of p rac t i ca l  
in te res t ,  as a number  of synthesized compounds pos-  
se s s  he rb ic ida l  [6, 7] and fungicidal  p rope r t i e s ,  which 
enables them to be recommended  for the control  of 
pes ts  of ag r i cu l tu ra l  crops ,  p a r t i c u l a r l y  cotton. 
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Fig.  1. Chromatogram of the sep-  
a ra t ion  of a mix ture  of pyr id ine  
bases  in a column (180 x 0.4 cm) 
containing polyethylene g lycol -  
1000 in NaC1 (ft.  0 .25-0.5 ram) 
at 130 ~ C and flow ra te  of hydro-  
gen of 80 ml /min .  1) P i p e r i -  
dine + pyr id ine ,  2) N- fo rmy l -  

p iper id ine .  

Recent r epo r t s  [8-10] concerning the chemis t ry  
and technology of pyr id ine  and its de r iva t ives  indi-  
cate the necess i ty  for  s tudies  of the carbonyla t ion of 
these compounds with the object of producing new 
phys io logica l ly  act ive compounds and monomers .  

In o rde r  to study the effect of var ious  fac tors  and 
ca ta lys t s  on the carbonylat ion of pyr id ine ,  anabasine,  
and ~ -  and f i -pipecol ines ,  it was n e c e s s a r y  to use a 
more  un iversm method, gas- l iqu id  chromatography  
[GLC], for analyzing the ca ta lyza te .  

It is well known [11-13] that polyethylene glycol,  
g lycero l ,  s i l icone,  apezon L, etc. may se rve  as the 
liquid phases  for  separa t ing  pyr idine and ce r t a in  of 
i ts de r iva t ives .  A method has been d e s c r i b e d  [14] for  
the qual i ta t ive  detect ion of N- fo rmyl  p iper id ine  in 

produc ts  of i ts  chlor inat ion in a column containing 
25% carbowax on a chromosorb .  However,  there  
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Fig.  2. Chromatogram of the separa t ion  
of a mix ture  in a column (200 • 0.4 cm) 
containing polyethylene glycol-4400 
{20%) in ch romosorb  W (fr. 0.25-0.5 ram) 
at 150 ~ C and a flow ra t e  of helium of 85 
m l / m i n .  1) Solvent (ethyl ether);  2) p i -  
per id ine ;  3) pyr id ine;  4) naphthalene 

(s tandard);  5) N- formylp iper id ine .  

a r e  no data concerning the quanti tat ive analys is  
of mix tu res  of p iper id ine  bases  and the i r  formyl  de- 
r iva t ives .  The separa t ion  of these mix tures  is com- 
p l ica ted  by the high po la r i ty  of the analyzed compounds 
and by the grea t  d i f ferences  in boiling points of the 
or ig ina l  compounds and the products  of carbonylat ion.  
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Fig. 3. Chromatogram of the 
sepa ra t ion  of the mix ture  in a 
column (200 • 0.4 cm) contain-  
ing apezon L (1%) in NaC1 
(fr. 0 .25-0.5 ram) at 110 ~ C 
and a flow ra te  of hel ium of 
85 ml /min .  1) Solvent (ethyl 
ether); 2) pyr id ine  + p i p e r i -  
dine; 3) N- fo rmylp ipe r id ine ;  

4) naphthalene (s tandard) .  

In o r d e r  to s epa ra t e  the l a t t e r  a number  of liquid 
phases  and c a r r i e r s  were  tes ted.  The bes t  r e su l t s  
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Fig. 4. Relationship between log(VRm/T) and the inverse absolute 
temperature .  Stationary phase, polyethylene glycol-4400; inter-  
val of temperature ,  373-423 K. 1) Pyridine; 2) piperidine; 3) N- 

formylpiperidine;  4) naphthalene. 

were obtained in columns containing polyethylene 
glycol-4400 and apezon L in chromosorb  W and table 

Table 1 

Results of the Quantitative Chromatographic 
Analysis of Artif icial  Mixtures of Known 

Composition* 
i Composit ion 
i True com- calculated ae- 

Substance position, cording to t( 
wt % the area of 

the peaks, % 

Piperidine 

Pyridine 

N-Formylpiperidine 

15.2 t5,4 
26.5 21.5 

18.2 18.1 
33.9 38.5 

66.6 66 5 
39.6 40.0 

1.11 

0.94 

1.0 

*Standard, naphthalene. 

salt. The c a r r i e r s  INZ-600 and TZK require addition- 
al modification with alkali and they do not always give 
symmetr ica l  peaks during the separation of nitrogen 
containing compounds. 

Compound 

Piperidine 
Pyridine 
Naphthalene 
N-Formyl- 

piperidine 

Table 2 

Retentive Volumes of Pyridine 
Bases  in Relation to Naphtha- 

lene 

[ Stati . . . .  y ph . . . .  i 
I J 

] polyethyl-] polyethyt-] -ape--- I ~  
ene gly- ene gly- ! zon ' 

] C01-4400 ] C01-4400 [ ~  

Carrier, n.f. i 

--i 
NaCI Chromo- [ E _= 

sorb W NaCI [ ~ o [ - o  

I 

0.03l 0.032 0.068 I 110 
0.06l 0,069 0.045 I 110 
l.OO 1.00 1.00 i l lO 
1.27 1.23 0.53 i I10 

[ 

An analysis of the catalyzate,  comprised of a mix-  
ture of pyridine, piperidine, and N-formylpiperidine,  
was conducted with artificial mixtures on chromato-  
graphs UKh-1 and LKhM-5, provided with ka tharom-  
eters.  Hydrogen and helium at a flow rate of 80-100 
ml /min  were used as gas ca r r i e r s .  

N-formylpiperidine in the presence of pyridine and 
piperidine can be readily determined in a column 
packed with table salt containing 1% polyethylene gly- 
col-1000 (Fig. 1). In this column at a flow rate of gas 
c a r r i e r  at 80 ml /min  piperidine and pyridine emerge 
with overlapping peaks and thus when determined in- 
dividually it was necessa ry  to reduce the flow rate of 
hydrogen to 30-40 ml/min.  This adjustment produces 
a more  distinct division of the components, but some-  
what increases  the time of analysis.  In a column packed 
with TZK containing 15% polyethylene glycol succi-  
hate, N-formylpiperidine is i r revers ib ly  sorbed by the 

Table 3 

Heats of Solution of Components 
of the Mixture, Calculated on 

the Basis of GLC Data 

i Heats of solution in n.f., 
! kcal/mole 

i polyethyl-I polyethyl-I 
e n e  gly- I ene gly- ape- 

Compound I col-4400 ] co1:4400 [ zon 
I 
I Carrier, n.f. 

i '~ Chromo-!  
[ NaCt I sorbW F NaCl 

I 

Piperidine 7 4 6,7 i 7.0 
Pyridine ! 6.3 ! 7.8 i 7,3 
Naphthalene ] I 1.6 i 11.4 10.8 
N-Formyl- 1 1.3 I I ~ 10.1 

piperidine i 

ca r r i e r .  In the column packed with chromosorb W 
(granulation 0.25-0.5 mm) containing polyethylene gly- 
col 4400 (20%), the mixture of pyridine, piperidine, 
and N-formylpiperidine was completely separated by 
using helium as the gas ca r r i e r .  The components ap- 
pear  in order  of increasing boiling point (Fig. 2). 
The results  of the quantitative analysis of the artifi-  
cial mixtures of known composition are presented in 
Table 1. 

The cor rec t ion  factors ,  K, expressing the relation 
between the true gravimetr ic  composition and the 
chromatographic resul ts  (Table 1), indicate that there 
was a good quantitative yield of N-formylpiperidine,  
and that the yield of pyridine was overest imated and 
that of piperidine was underestimated. 
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In the column containing apezon L (1%) in NaC1 
(granulation 0.25-0.5 mm) the components appear in a 
different order  (Fig. 3) with overlapping peaks. P y r i -  
dine (bp 106 ~ emerges  f irst ,  and is followed by N- 
formylpiperidine (bp 222~ and naphthalene (bp 217 ~ 
standard). 

The relative retentive volumes of the compounds 
studied in three stationary phases (Table 2) were de- 
termined. 

F rom the chromatographic data heats of solution of 
piperidine, pyridine, and N-formylpiperidine vapors 
in the selected liquid phase were calculated. The ab- 
solute value of the heat of solution was found by mul-  
tiplying the slope of the straight line, expressing the 
relationship between log(VRm/T ) and 1/T by the con- 
stant 4.575 (Fig. 4; Table 3). F rom the data in Table 3 
one may conclude that the heat of solution of the com- 
ponent is not essential ly dependent on the c a r r i e r  of the 
stationary phase. 
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